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PREFACE  TO  THE  SECOND  EDITION 

The  first  edition  of  ''Engineering  Economics"  dealt  with 
economic  choice  of  structure.  Experience  has  shown  that  there 
were  omitted  from  that  edition  some  pertinent  factors  which  are 
at  times  important.  A  revision  of  the  text  was  undertaken  to 
remedy  the  omission.  It  was  found,  however,  that  in  the  plan  of 
the  old  book  there  was  no  logical  place  for  the  missing  factors. 
This  difficulty  suggested  that  the  fundamental  problem  of 
engineering  economics  is  not  choice  of  structure,  but,  rather, 
choice  of  investment.  The  idea  was  put  to  test.  The  factors 
disclosed  by  analyzing  the  problem  of  investment  choice 
were  found  to  include  those  omitted  from,  as  well  as  those 
included  in,  the  first  edition.  Thus  it  became  clear  that  the 
new  edition  in  order  to  be  satisfactory  must  be,  not  a  revi- 
sion of  the  old  in  the  usual  sense,  but  a  new  writing  that  should 
begin  with  the  problem  of  investment  and  follow  the  path  indi- 
cated by  the  analysis. 

As  a  result,  this  is  more  than  a  new  edition :  it  is  a  new  text. 

The  present  book  opens  with  a  picture  of  the  engineer  in  the 
work  of  the  world.  The  picture  shows  that  engineering  knowl- 
edge, unlike  medical  and  legal  knowledge,  can  be  converted  into 
community  service  only  through  the  medium  of  business,  and 
that  consequently  the  engineer's  professional  success  and  con- 
tribution to  public  welfare  depend  in  a  great  measure  on  his 
understanding  of  the  business  side  of  engineering — of  engineering 
economics. 

The  text  proper  sets  out  with  the  analysis  of  the  investment 
problem,  which  analysis  soon  discloses  two  classes  of  data  that 
influence  choice  of  investment:  (1)  data  from  which  yield  or 
profit  can  be  calculated,  and  (2)  data  which  cannot  be  incorpo- 
rated in  the  calculations :  in  short,  reducible  and  irreducible  data. 

The  calculation  of  yield  or  profit  involves  the  elements  of 
compound  interest  and  sinking  funds.  For  this  reason,  a  prac- 
tical method  of  making  the  calculation  is  merely  outlined  at 
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first;  next  the  principles  of  compound  interest  and  sinking  funds 
are  explained ;  and  then  the  method  of  calculation  is  presented  in 
detail. 

The  work  of  evaluating  the  reducible  data,  commonly  called 
"estimating,"  being  no  less  important  than  the  reduction  of  such 
data,  receives  extended  treatment. 

Among  the  more  important  irreducible  data  of  investment  are 
the  characteristics  of  business  units.  Business  units,  therefore, 
including  private  and  public  corporations,  together  with  their 
organization,  control,  management,  and  ways  of  raising  capital, 
are  sketched  with  some  particularity.  Other  important  classes 
of  irreducible  data  are  also  discussed. 

First  principles  of  financial  statements  and  cost  keeping  are 
developed  from  common  experience.  There  is  included  an 
elementary  treatment  of  valuation  of  public  service  corporations, 
followed  by  the  derivation  and  comparison  of  several  depreciation 
formulas. 

The  text  closes  with  a  chapter  on  engineering  reports,  and  is 
followed  by  appendices  containing  specimen  incorporation  papers, 
numerous  tables  of  formulas  and  of  values,  a  bibliography,  and 
an  extensive  collection  of  questions  and  problems. 

For  the  convenience  of  the  reader  certain  changes  in  the 
mechanical  features  have  been  introduced  in  this  second  edition, 
as  follows:  (1)  chap,  i  begins  with  section  §101,  chap,  ii  with 
§201,  chap.  Ill  with  §301,  and  so  on,  so  that  the  chapter  in 
which  the  section  lies  is  indicated  by  the  number  of  hundreds 
in  the  section  number;  (2)  each  equation,  table,  and  figure  is 
designated  by  the  number  of  the  section  in  which  it  makes 
its  first  appearance;  (3)  key  words  in  the  running  text  are  set 
in  bold-faced  type,  in  lieu  of  formal  side-heads;  (4)  numerous 
diagrams  summarize  the  results  of  analyses;  and  (5)  minor  para- 
graphs are  set  off  by  smaller  type. 

Other  differences  between  the  two  editions  may  be  discerned 
by  comparing  the  present  table  of  contents  with  the  following 
list  of  chapter  heads  of  the  old  edition:  (i)  the  problem  of 
economic  selection,  (ii)  interest,  (iii)  sinking  funds,  (rv)  first  cost, 
(v)  salvage  value,  (vi)  elements  of  yearly  cost  of  service,  (vii) 
estimating,  (viii)  basis  of  economic  comparison,  (rx)  procedure 
for  economic  selection,  and  (x)  examples  of  economic  selection. 
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This  edition,  like  the  former,  is  designed  to  serve  as  a  text  for 
study  and  as  a  manual  for  the  office. 

While  the  book  is  written  primarily  for  student  and  practitioner 
of  engineering,  it  should  be  of  value  to  the  student  of  business 
and  to  the  business  man,  because  it  deals  with  a  fundamental 
business  problem,  the  problem  of  investment  choice. 

For  the  rest,  the  new  text  must  speak  for  itself. 

Finally,  I  take  pleasure  in  introducing  the  reader  to  a  number 
of  individuals  who  have  given  a  hand  to  the  work.  For  critical 
examination  of  manuscript  I  am  indebted  to  my  colleagues:  J.  B. 
Canning,  assistant  professor  of  Economics;  T.  J:  Hoover,  dean. 
School  of  Mining  and  Metallurgy;  C.  A.  Huston,  dean,  School  of 
Law;  S.  S.  Seward,  Jr.,  associate  professor  of  English;  and  A.  C. 
Whittaker,  professor  of  Economics.  I  have  to  acknowledge  a 
similar  indebtedness  to  J.  B.  Cox,  civil  engineer,  Paia,  Maui, 
T.  H.;  Williston  Fish,  general  manager,  Chicago  Surface  Lines; 
Job  Fish,  Jr.,  general  works  manager,  Otis  Elevator  Company; 
H.  H.  Hall,  chief  engineer.  Standard  Oil  Company  (of  California) ; 
Mrs.  Dare  Stark  McMullin,  San  Rafael,  California;  and  Col. 
H.  H.  Whitney,  United  States  Army.  Valuable  suggestions  have 
been  received  also  from  A.  E.  Berriman,  chief  engineer,  The 
Daimler  Company,  Ltd.,  Coventry,  England;  C.  T.  Brady,  Jr., 
Buenos  Ayres,  Argentine;  E.  H.  Freeman,  professor  of  Electrical 
Engineering,  Armour  Institute  of  Technology;  E.  B.  Wilson, 
professor  of  Mathematics,  Massachusetts  Institute  of  Technol- 
ogy; and  from  my  students:  Fred  Coffman,  U.  B.  Gilroy,  R.  C. 
Ingebritson,  and  K.  R.  Jenkins,  who  in  various  ways  have 
assisted  in  the  preparation  of  the  manuscript.  .Sherman  Kimball, 
of  Bradford,  Kimball  &  Co.,  San  Francisco,  kindly  supplied  the 
specimen  papers  shown  in  Appendix  A;  and  McGraw-Hill  Book 
Co.,  Inc.,  and  H.  P.  Gillette  and  R.  T.  Dana  generously  permitted 
the  insertion  of  Table  K  taken  from  their  ''Cost  Data  for 
Mechanical  and  Electrical  Engineers." 

J.  C.  L.  Fish. 

Stanford  University,  California, 
October,  1922. 
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Every  engineering  structure,  with  few  exceptions,  is  first 
suggested  by  economic  requirements;  and  the  design  of  every 
part,  excepting  few,  and  of  the  whole  is  finally  judged  from  the 
economic  standpoint. 

It  is  therefore  apparent  that  the  so-called  principles  of  design 
are  subordinate  to  the  principles  which  underlie  economic 
judgment. 

This  important  fact  usually  escapes  the  student  of  engineering 
because,  while  he  may  have  seen  hundreds  of  books  on  the  princi- 
ples of  design  and  his  time  is  largely  employed  in  studying  these 
principles  and  their  application,  he  has  seen  not  one  book  devoted 
to  the  principles  which  underlie  economic  judgment,  and  his 
books  and  his  instructors  merely  mention  these  in  passing. 

It  is  true  that  during  the  past  dozen  years,  chiefly  as  a 
result  of  the  writings  of  such  men  as  H.  P.  Gillette  and  F.  W. 
Taylor,  interest  in  the  economic  side  of  engineering  has  greatly 
widened;  so  that  we  now  see  the  word  '^ economics"  in  titles  of 
technical  articles,  chapters,  and  even  books. 

Most  of  these  works,  however,  assume  the  reader  to  be  familiar 
with  fundamental  economic  principles. 

The  present  work  was  undprtaken  with  the  belief  that  to  the 
engineer  a  working  knowledge  of  first  principles  is  as  essential 
in  the  economics  as  in  the  mechanics  of  structures;  and  that 
special  study  and  drill  in  the  appH cation  of  principles  are  as 
advantageous  in  the  one  case  as  in  the  other. 

The  book  is  intended  to  meet  the  first  needs  of  the  student, 
and  to  render  effective  service  in  the  office.  It  is  hoped  that  it 
will  facilitate  the  introduction  of  formal  instruction  in  engineering 
economics  in  the  engineering  schools,  and  assist  sound  engineering 
practice. 

J.  C.  L.  Fish. 

Stanford  University,  California, 
March,  1915. 
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CHAPTER  I 
INTRODUCTION 

101.  The  person  who  has  more  money  or  its  equivalent  than 
suffices  for  his  current  needs  seeks  to  employ  the  excess  or  capital 
in  remunerative  ways. 

Such  a  person  is  a  capitalist.  The  boy  with  a  dollar  beyond  his 
wants  is  a  capitalist.  He  may  deposit  the  dollar  in  a  savings  bank  with 
an  eye  to  interest,  or  buy  a  dollar's  worth  of  marbles  with  the  hope  of 
seUing  them  at  a  profit. 

102.  The  opportunities  for  the  remunerative  employment  of 
capital  lie  in  the  field  of  rendering  service  satisfying  people's 
wants. ^ 

The  student's  mental  picture  of  the  ''field  of  rendering  service"  may 
be  made  more  vivid  by  considering  that  when  a  man  buys  a  pound  of 
nails,  for  example,  he  is  pajdng  for  a  series  of  services  all  rendered  to 
satisfy  his  need  of  nails  at  a  certain  time  and  place.  These  services 
include  mining  the  ore  from  which  the  nails  are  made,  transporting  and 
reducing  the  ore,  conveying  the  resulting  metal  to  the  factory,  making 
the  nails,  carrying  them  first  to  the  wholesaler  and  thence  to  the  retailer, 
and  finally  dehvering  them  to  the  consumer.  The  list  includes  only  the 
more  obvious  classes  of  service.  Every  machine  that  helps  in  making 
the  nails  performs  some  service  to  the  consumer,  and  each  service  of 
the  series  of  services  which  transforms  ores  or  other  materials  into  the 
nail  machines  contributes  to  the  direct  service  of  making  the  nails.  As 
far  as  the  consumer  is  concerned,  all  of  these  services  are  equally  impor- 
tant, for  if  any  one  of  them  were  not  rendered  his  need  of  the  nails  would 
remain  unsatisfied. 

^  Some  of  these  wants  are  of  questionable  character,  as  all  know.  But 
only  a  small  proportion  of  the  total  capital  of  the  country  is  employed  in 
**  anti-social  enterprises,"  m(X  such  enterprises  are  excluded  from  our 
consideration. 
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103.  The  field  of  service  is  the  field  of  business  enterprise. 
To  convert  capital  into  service  is  a  function  of  private  or  public 
business  units,  the  most  common  of  which  are  (1)  the  individual 
business,  carried  on  by  the  ''sole  proprietor;"  (2)  the  partnership; 
(3)  the  private  corporation  (or  "company");  (4)  the  public 
corporation. 

104.  The  true  and  legitimate  purpose  of  any  business  unit, 
private  or  public,  is  the  rendering  of  that  service  which  offers 
the  most  advantageous  employment  of  capital  available  to  such 
business  unit. 

The  people  make  the  greatest  demand  for  the  service  they  most  want. 
Satisfying  a  great  demand  means  a  great  volume  of  sales.  A  great 
volume  of  sales  goes  toward  making  a  maximum  profit.  Thus  the 
foregoing  paragraph  is  only  an  indirect  way  of  saying,  ''The  true  and 
legitimate  purpose  of  any  business  unit,  private  or  public,  is  the  render- 
ing of  that  service  which  the  people  most  want." 

105.  To  render  any  proposed  service  the  business  unit  may 
require  some  means,  such  as  a  machine,  building,  road,  bridge, 
vehicle,  shaft,  plot  of  ground,  etc.,  or  a  ''plant,"  that  is,  a 
combination  of  some  of  the  means  just  named.  In  the  following 
pages  the  word  structure  will  be  used  as  a  general  name  for 
every  such  means,  from  a  nail  to  the  most  complex  plant. 

A  structure  may  be  simple  or  complex,  but  these  terms  are  merely 
relative.  A  railroad  yard  is  simple  compared  with  the  railroad  as  a 
whole,  but  highly  complex  compared  with  one  of  its  component  parts, 
such  as  a  rail  or  tie  or  even  one  of  its  tracks. 

Each  part  of  a  complex  structure  is  itself  a  structure,  and  in  operation 
performs  some  contributory  service  in  furtherance  of  the  total  service 
rendered  by  the  complex  structure. 

106.  Many  structures  are  such  as  to  require  engineering 
knowledge  to  create  or  operate  them.  These,  whether  simple 
or  complex,  are  called  engineering  structures. 

A  conspicuous  example  of  a  complex  engineering  structure  is  the 
railroad,  of  which  many  of  the  component  parts  are  only  less  complex 
engineering  structures,  as  bridges,  trestles,  tunnels,  embankments, 
track,  shops,  terminals.  Among  other  well  known  examples  of  highly 
complex  engineering  structures  are  water  works,  gas  works,  power 
plants,  street  railways,  sewer  systems,  mining  plants,  and  various  kinds 
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of  industrial  plants.  The  creation  and  operation  of  such  structures, 
though  undertaken  by  the  owners  with  an  eye  to  profit,  either  direct  or 
indirect,  are  nevertheless  part  of  the  cooperative  effort  which  has 
produced  our  civiUzation. 

107.  Service  ready  for  sale  is  the  resultant  of  a  series  of  acts, 
the  first  of  which  is  the  act  of  some  person's  brain  in  conceiving 
the  idea  of  the  enterprise.  In  the  typical  case  the  acts  of  the  entire 
series,  in  order  of  time,  are  as  follows : 

1.  Conception  of  the  enterprise. 

2.  Investigation  to  determine  the  volume  of  service  which  will  prob- 
ably be  required;  the  feasibility  of  rendering  the  service;  the  cost  of 
rendering  it;  and  the  probable  return. 

3.  Organization  of  the  business  unit  to  own,  control,  and  manage  the 
enterprise. 

4.  Obtaining  the  capital. 

5.  Designing,  and  preparing  plans  and  specifications  of  any  structures 
necessary  for  producing  the  service. 

6.  Building  the  structures. 

7.  Operating  the  structures  and  carrying  on  the  production  of  service. 

8.  Selhng  the  service. 

Considering  the  acts  of  the  series  in  their  relations  to  one 
another,  we  see  that  each  is  rationally  a  prerequisite  of  succeeding 
acts. 

108.  The  engineer,  as  an  engineer,  takes  a  part  (leading  or  sub- 
ordinate according  to  circumstances  and  the  nature  of  the  enter- 
prise) in  one  or  more  of  the  foregoing  acts,  as  follows:  in  the 
investigation  (2);  in  obtaining  capital  (4);  in  designing  (5); 
in  building  (6);  and  in  operating  (7);  and,  where  engineering 
knowledge  is  requisite  for  the  appreciation  or  intelligent  use  of  the 
service,  the  engineer  plays  some  part  also  in  selling  service  (8). 

The  engineer,  then,  is  an  important  contributor  to  the  public 
welfare;  and,  as  will  soon  appear,  the  business  unit  is  the  only 
channel  through  which  he  can  make  his  contribution. 

109.  Investigation,  organization,  and  obtaining  capital  (acts 
2,  3,  4)  are  the  work  of  the  promoter,  who  may  or  may  not  have 
conceived  the  idea  of  the  enterprise.  Promotion  is,  itself,  a 
business  carried  on  by  a  business  unit,  the  owner  of  which  is  the 
promoter.  (The  promoter  may  be  an  individual,  or  partnership, 
or  other  business  unit.) 
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Once  the  enterprise  has  passed  the  stage  of  organization 
and  capitaUzation,  the  new-born  business  unit  initiates  and 
directs  the  succeeding  acts. 

Hence  it  is  that  although  the  engineer's  work  is  a  necessary 
and  conspicuous  part  of  the  service  rendered  by  an  engineering 
structure,  his  work  is  initiated,  controlled,  directed,  and  judged 
by  the  business  unit. 

110.  In  fact,  the  more  widely  we  reflect  upon  it,  the  more  in- 
clined we  are  to  believe  that  the  business  unit  is  practically 
the  only  available  medium  or  agency  through  which  the  engineer 
can  convert  his  professional  knowledge  into  public  benefit. 
Hence  the  engineer  should  know  not  only  engineering  technic, 
but  also  the  relation  which  his  technical  work  bears  to  the  non- 
engineering  work  of  the  enterprise ;  and  this  means  that  he  should 
know  something  of  the  principles  and  methods  employed  by  the 
non-engineering  departments. 

The  engineer  in  an  enterprise  may  be  likened  to  the  pitcher,  for 
example,  in  a  ball  game.  The  pitcher  is  distinguished  from  the  other 
players  by  his  special  skill  in  pitching.  But  pitching,  however  skilful, 
will  not  of  itself  win  the  game.  The  pitcher  must  know  team  work  also, 
and  the  better  he  knows  it,  the  greater  his  value  to  the  team.  To  be 
good  at  teamwork  he  must  know  the  fundamental  principles  which 
control  the  work  of  each  of  the  other  positions  on  the  team  and  the 
methods  by  which  the  principles  are  usually  apphed. 

The  engineer  should  understand  the  objects  (social  as  well 
as  financial)  of  the  business  unit,  how  it  is  organized  and  con- 
trolled, how  it  obtains  capital,  and  how  it  functions  through  all  its 
parts  in  its  self-imposed  work  of  transforming  capital  into  service. 

The  young  engineer-draftsman  of  the  engineering  department  of  a 
railroad  spends  his  working  hours  applying  engineering  technology. 
On  promotion  his  time  is  given  to  analyzing  problems  assigned  to  him; 
distributing  the  disclosed  sub-problems  among  his  subordinates;  direct- 
ing, supervising,  and  checking  the  work  of  the  subordinates;  collecting 
and  amalgamating  the  solutions  of  the  sub-problems  to  effect  the  solu- 
tions of  the  original  problems;  and  reporting  the  results  to  his  superior. 
Thus,  after  promotion,  his  work  is  partly  technical,  partly  executive. 

At  each  succeeding  promotion  the  problems  assigned  to  him  become 
more  comprehensive  and  their  correct  solution  requires  more  knowledge 
of  the  work  of  the  non-engineering  departments  of  the  road. 

When  (if  ever)  he  becomes  chief  engineer,  his  hours  are  devoted 
chiefly  to  executive  duties.     He  has  been  singled  out  for  promotion  not 
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because  he  is  more  skilful  in  engineering  technology  than  his  fellows, 
but  because  he  has  shown  (1)  a  good  understanding  of  the  relation  of  the 
work  of  the  engineering  department  to  the  work  of  the  other  depart- 
ments of  the  enterprise;  (2)  loyalty  to  the  enterprise  and  his  superiors; 
and  (3)  abihty  to  bring  himseK  and  his  subordinates  to  cooperate  harmo- 
niously and  effectively  wdth  the  other  working  units  of  the  enterprise. 

If  the  foregoing  is  typical  of  the  engineer's  work  as  he  advances  to 
greater  and  greater  responsibihties — and  it  is  typical — it  is  plain  that 
the  duties  of  the  engineer  require  for  their  performance,  at  each  succeed- 
ing stage  of  his  advancement,  a  greater  knowledge  of  the  enterprise  as  a 
whole. 

The  chief  engineer  must  base  his  hope  of  promotion  to  the  office  of 
manager,  or  president,  not  upon  his  knowledge  of  engineering  tech- 
nology, but  on  his  grasp  of  the  larger  problems  of  the  enterprise  and 
his  ability  to  coordinate  the  efforts  of  the  various  departments. 

111.  Engineering  Economics  deals  with  those  business  prob- 
lems which  require  more  or  less  knowledge  of  engineering  for 
their  solution.  Thus  Engineering  Economies  may  be  said  to  deal 
with  the  elements  of  cost  of  service  performed  by  the  engineering 
structure,  the  elements  of  revenue,  the  inter-relations  of  these 
elements,  and  their  resultant  effect  upon  profit. 

112.  The  fundamental  problem  of  Engineering  Economics 
is  the  problem  of  investment,  and  may  be  stated  thus:  given 
two  or  more  opportunities  for  the  employment  of  capital,  to 
determine  which  is  the  most  desirable. 

Since  the  problem  is  essentially  the  same  whether  there  are  only  two 
opportunities  or  three  or  more,  it  will  serve  every  purpose  of  exposition 
to  consider  it  as  involving  only  two.  To  save  words  let  us  Umit  the 
problem  to  two  opportunities. 

The  engineer  will  recognize  as  particular  forms  of  the  foregoing 
problem  of  investment  the  following:  (1)  to  choose  between 
two  structures  proposed  for  a  specified  service;  (2)  to  choose 
between  two  proposed  ways  of  operating  a  given  structure  to 
produce  a  specified  service;  and  (3)  to  determine  which  of  two 
proposed  rates  of  production  by  a  given  structure  will  result 
in  the  greater  net  profit. 

113.  The  problem  of  investment  is  thus  one  continually  pre- 
sented to  the  engineer.  It  is  by  analyzing  this  problem  that  the 
principles    of    Engineering    Economics    are    to    be    discovered. 


CHAPTER  II 

ANALYSIS  OF  PROBLEM  OF  INVESTMENT 
INTRODUCTION 

201.  Through  his  own  inquiries  and  the  solicitations  of  those 
who  seek  capital,  the  capitalist  learns  of  a  number  of  opportuni- 
ties for  the  employment  of  his  available  funds.  No  two  oppor- 
tunities are  of  precisely  equal  promise,  and  it  is  for  the  capitalist 
to  choose  which  among  them  he  will  accept.  Thus  arises  the 
problem  of  making  choice  between  two  or  more  opportunities 
for  investment. 

It  often  happens  that  only  one  opportunity  is  holding  the  attention 
of  the  capitalist;  and  the  question  then  before  him  is  simply  whether  or 
not  he  shall  accept  it.  Even  then,  though  he  is  considering  apparently 
only  the  one  specific  opportunity,  he  does,  nevertheless,  bring  to  his 
aid  in  reaching  a  decision  such  knowledge  as  he  possesses  of 
opportunities  in  general. 

As  analyzing  a  problem  is  a  necessary  preliminary  to  solving 
it,  our  first  efforts  must  be  given  to 

Analysis 

202.  To  analyze  a  problem  is  to  take  it  apart,  and  discover 
how  the  parts  are  related  to  one  another. 

As  soon  as  a  problem  is  divided  into  its  major  parts,  two  or 
more,  each  major  part  stands  forth  as  an  individual  problem. 

If  the  answers  to  these  major  problems  are  ready  at  hand, 
the  analysis  need  not  be  carried  further;  but  if  the  major  problems 
are,  one  or  more,  yet  to  be  solved,  then  each  unsolved  major 
problem  calls  for  analysis.  Thus  the  analysis  is  carried  forward 
from  stage  to  stage. 

203.  Of  course  there  can  be  only  one  set  of  ultimate  or  simple 
elements  in  a  given  problem.  As  we  can  divide  a  township^  into 
sections  by  first  separating  it  into  six  equal  north-and-south 
strips  and  then,  by  east-and-west  lines,  subdividing  each  strip 

^  The  township  referred  to  is  approximately  square,  and  contains  thirty- 
six  sections  each  approximately  one  mile  square,  bounded  by  meridians 
and-  parallels. 
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into  six  equal  parts;  or  by  first  separating  the  township  into 
six  equal  east-and-west  strips  and  then  subdividing  each  strip  by 
north-and-south  lines  into  six  equal  parts;  or  by  otherwise 
dividing  and  subdividing;  so  we  can  divide  the  usual  problem  into 
its  ultimate  elements  by  drawing  one  set  of  lines  or  another. 
Thus,  while  the  ultimate  elements  must  be  the  same,  regardless 
of  the  direction  in  which  the  lines  are  drawn,  the  compound 
elements  resulting  from  practical  or  incomplete  analysis  will  vary 
according  to  the  directions  that  may  be  given  to  the  division 
lines. 

204.  In  practice  the  analysis  is  not  usually  continued  until  all 
of  the  simple  elements  have  been  discovered,  but  on  the  contrary 
is  halted  in  each  direction  as  soon  as  the  result  of  a  step  in  the 
analysis  discloses  factors  of  known  value,  whether  these  factors 
be  simple  or  compound  elements. 

Again,  the  directions  in  which  the  lines  are  drawn  in  analyzing 
a  problem  are  often  determined  more  or  less  by  the  purpose 
and  circumstances  of  the  analysis. 

Chap.  V  and  vi  are  good  examples  of  two  or  more  analyses  of  one 
problem. 

205.  If  the  answer  to  a  problem  has  been  found  by  making  the 
computations  indicated  by  an  analysis,  this  answer  can  often  be 
more  reliably  checked  by  making  another  analysis  on  different 
lines  and  carrying  out  the  resulting  new  set  of  computations; 
for  this  process  gives  a  test  not  only  of  the  accuracy  of  the  first  set 
of  computations,  but  also  of  the  logic  of  the  first  analysis.  Thus 
it  is  frequently  desirable  to  make  more  than  one  analysis  of  a 
given  problem. 

We  shall  not  carry  forward  the  analysis  of  the  problem  of  choice  of 
investment  in  all  detail  in  natural  order,  because  this  would  thrust 
upon  the  attention  of  the  student  in  too  rapid  succession  a  number  of 
elements  beyond  his  experience,  and  result  in  confusing  him.  The  plan 
adopted  is  to  sketch,  in  the  rough,  the  first  steps  in  the  analysis,  thus 
bringing  to  light  the  major  component  problems,  to  complete  certain 
parts  of  the  analysis  in  convenient  order,  and  finally  to  return  to  enter 
more  thoroughly  into  the  first  steps  of  the  analysis. 

A  complete  analysis  of  the  problem  of  investment  would  lead  us  into 
several  fields:  (1)  the  mathematics  of  investment;  (2)  estimating;  (3) 
irreducible  data;  (4)  financial  judgment.  In  this  book  the  analysis 
is  carried  into  the  first  three  fields,  beginning  with  the  mathematics 
of  investment  (chap,  ii  and  iv). 
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Choice 


206.  In  solving  a  problem  of  selection  between  two  given 
opportunities  of  employing  capital,  the  last  step  is  to  make  the 
choice;  and  before  entering  upon  the  analysis  of  the  given  prob- 
lem, it  may  be  well  to  consider  some  of  the  elements  of  choice 
in  general. 

207.  Intelligent  choice  between  two  objects  is  necessarily  pre- 
ceded by  a  comparison  of  the  objects. 

208.  Merely  to  compare  any  two  objects  is  to  place  them 
actually  or  mentally  side  by  side,  and  transfer  the  attention 
alternately  from  one  or  more  qualities  of  one  to  the  corresponding 
quality  or  qualities  of  the  other,  noting  likeness  or  difference, 
and  if  difference,  as  nearly  as  may  be,  its  relative  or  absolute 
amount. 

209.  Some  qualities  have  greater  influence  on  choice  than  others, 
that  is  have  greater  weight. 

210.  The  weight  that  should  be  given  to  a  particular  quality 
is  determined  by  the  purpose  to  which  the  object  is  to  be  put. 

Appearance  may  have  much  greater  weight  than  cost  or  durability 
when  pleasure  is  the  purpose  of  buying  an  automobile;  but  if  the  machine 
be  bought  to  render  service  in  a  business  enterprise,  appearance  may 
receive  little  consideration  as  compared  with  capacity,  power,  relia- 
bility, efficiency,  first  cost,  or  cost  of  operation. 

The  weights  of  many  quahties  may  be  zero  in  any  given  case.  Seldom 
if  ever  are  all  of  the  qualities  of  one  object  compared  with  the  correspond- 
ing quafities  of  another  object. 

211.  Quality  comparison  is  more  or  less  difficult  when  the 
quality  is  not  expressed  numerically. 

We  know,  let  us  say,  that  one  automobile  is  decidedly  more  pleasing 
to  the  eye  than  another;  but  we  have  no  unit  of  appearance,  cannot 
express  appearance  quantitatively,  and  consequently  cannot  express 
numerically  the  difference  between  two  appearances  that  give  different 
degrees  of  pleasure.  (Nevertheless,  we  are  conscious  of  the  difference, 
and,  when  called  upon  to  do  so,  we  base  a  decision  on  this  consciousness 
with  considerable  confidence.) 

212.  Quality  comparison  is  not  diflficult  when  the  quality 
is  expressed  numerically. 

For  example,  if  one  automobile  weighs  3000  lb.,  and  another  2500 
lb.,  the  comparison  of  weights  means  a  subtraction:  one  weighs  500 
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lb.  more  than  the  other;  or,  at  most,  a  subtraction  and  a  division:  one 
weighs  one-fifth  more  than  the  other.  So  with  other  quahties  capable 
of  numerical  expression,  such  as  power,  size,  speed,  life,  and  cost. 

213.  However,  among  qualities  which  are  readily  expressed 
numerically,  there  are  some  whose  effect  on  choice  cannot  be 
expressed  numerically. 

For  instance,  we  know  that  delivery  of  car  A  cannot  be  made  inside 
of  3  mo.  and  of  car  B  inside  of  6  mo.  The  waiting  period,  a  factor 
in  choosing  between  cars  A  and  B,  is  numerically  known,  and  yet  there 
is  no  ready  measure  of  the  effect  of  length  of  waiting  period  on  choice. 

A  quality  whose  effect  on  choice  can  be  numerically  expressed 
we  shall  call  a  reducible  datum;  and  we  shall  give  the  name 
irreducible  datum  to  a  quality  whose  effect  on  choice  cannot 
be  so  expressed  (see  §228). 

ANALYSIS  OF  PROBLEM  OF  INVESTMENT 

214.  Let  us  begin  the  analysis  of  the  problem  of  choosing  be- 
tween opportunities  of  employing  capital  by  applying  the  pre- 
ceding principles  of  choosing  to  the  following  example. 

General  Case 

Example. — We  have  the  option  of  leasing  a  certain  house  at  $900  a 
year  for  a  period  of  4  yr.;  we  can  furnish  the  house  at  a  cost  of 
$4000,  sublease  it  at  $2000  a  year,  and  sell  the  furnishings  for  $1600  at 
the  expiration  of  the  lease.  The  cost  of  collecting  rent,  of  insurance, 
etc.,  will  be  about  $100  a  year.  On  the  other  hand,  for  the  same  period, 
we  can  loan  $6000  at  8%  with  good  security.  Which  opportunity 
shall  we  choose? 

First  Solution  (by  General  Principles  and  Natural  Procedure) 

215.  Among  the  data  of  the  example  we  recognize  each  of  the 
named  sums  as  a  pertinent  quality,  a  quality  affecting  choice. 
No  other  qualities  are  specifically  named.  Does  this  mean  that 
there  are  no  other  pertinent  qualities?    Let  us  consider  the  matter. 

By  visualizing,  for  each  of  the  proposed  investments,  the  prob- 
able pertinent  events  and  circumstances  of  the  4  yr.  period, 
and  calling  past  experience  to  our  aid,  we  discover  a  number  of 
points  germane  to  the  question,  as  follows: 

Leasing  and  furnishing  the  house,  subletting,  collecting  rent, 
and  selling  the  furnishings  would  give  us  a  certain  amount  of 
trouble,  care,  and  responsibility;  none  of  which  would  attend  the 
loan. 
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In  the  house  Opportunity  the  risk  of  losing  periodic  income 
or  part  of  capital  invested  in  furnishings  would  be  considerable; 
but  in  the  case  of  the  loan,  let  us  say,  these  risks  would  be 
nearly  negligible.  Finally,  if  the  capital  were  once  put  into 
furnishings,  the  possibility  of  withdrawing  it  without  sacrifice 
before  the  end  of  the  4  yr.  period  would  be  slight;  while 
the  note  probably  could  be  sold  for  cash  at  any  time  quite  readily 
at  little  or  no  sacrifice;  and  this  is  a  consideration  of  some 
importance  unless  we  are  sure  that  we  shall  have  no  need  to  with- 
draw the  capital  before  the  end  of  the  4  yr. 

216.  It  is  obvious  that  all  of  the  foregoing  characteristics  or 
qualities  (including  those  expressed  numerically)  of  the  two 
opportunities,  should  influence  the  choice  that  is  before  us. 
It  is  through  a  comparison  of  these  qualities  that  we  must  judge 
the  relative  desirabilities  of  the  two  opportunities. 

217.  To  make  the  work  as  easy  as  possible,  let  us  tabulate  the 
foregoing  data.     See  Table  217. 


Table  217. — Comparative  Statement 

Quality 

Opportunity 

Difference  in 
favor  of 

I 

(House) 

II 

(Loan) 

I 

" 

1 

2 

3 

4 

Income: 

Rent  or  interest 

Capital  recovered .  .  . 

Oidgo: 
Capital  invested 

Rent  paid 

$2000 
per  annum 

$1600 
lump 

$4000 

lump 

$900 
per  annum 

$100 
per  annum 

Considerable 
Considerable 

Slight 

8%  ($480) 
per  annum 

$6000 
lump 

$6000 
lump 
None 

None 

None 
Negligible 

Good 

$1520 

per 
annum 

$2000 
lump 

$4400 
lump 

$900  per 
annum 
$100  per 
annum 

X 

y 

z 

5 

6 

7 
8 

Expense  paid 

Trouble,  care  and  re- 
sponsibility   

Risk  of  loss 

Marketability  of  in- 
vestment  
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218.  As  we  look  at  Table  217  and  compare,  quality  by  quality, 
we  see  that  the  data  $2000  and  8%,  opposite  quality  1,  are  not 
directly  comparable;  and  to  make  them  comparable,  we  must 
either  find  the  per  cent  ratio  of  2000  to  4000  (50  %  it  is) ,  or  we  must 
take  8%  of  6000  (giving  us  $480).  We  have  adopted  the  latter 
procedure,  and  have  written  $480  in  parenthesis  after  ^^8%." 
Now  we  have  a  direct  comparison  of  $2000  and  $480;  and  we  note 
a  difference  of  2000  —  480  =  $1520  per  annum  in  favor  of 
opportunity  I. 

On  the  basis  of  quality  2,  opportunity  II  is  the  more  advanta- 
geous by  the  lump  sum  $4400. 

On  the  basis  of  quality  3,  opportunity  I  is  better  than  oppor- 
tunity II  by  $2000  lump. 

On  the  basis  of  quahty  4,  opportunity  II  has  the  advantage 
by  $900  per  annum. 

On  the  basis  of  quality  5,  also,  opportunity  II  has  the  advantage 
by  $100  per  annum. 

219.  The  comparison  of  the  two  opportunities  is  now  completed, 
as  far  as  the  numerical  data  are  concerned,  and  the  differences 
discovered  have  been  entered  under  **  Difference^'  in  the  fourth 
and  fifth  columns  of  the  table. 

Looking  at  the  two  difference  columns,  we  note  that  in  favor 
of  opportunity  I  we  have  $1520  per  annum  and  $2000  lump;  and 
in  favor  of  II,  $4400  lump  and  900  +  100  =  $1000  per  annum. 
Lump  payments  cannot  be  directly  compared  or  combined  with 
annual  payments.  The  best  we  can  do,  from  entries  in  the 
difference  columns,  is  to  say  that  in  regard  to  annual  sums,  I  has 
the  advantage  of  II  by  1520  -  (900  +  100)  =  $520  per  annum; 
and  that  in  regard  to  lump  sums,  II  has  the  advantage  by  4400  — 
2000  =  $2400  lump.     This  leaves  us  too  far  from  a  choice. 

We  can  approach  nearer  by  converting  the  $2000  lump  into  a 
corresponding  annual  sum:  200^  =  $500.  (This  $500  is  only 
approximately  the  annual  sum  corresponding  to  $2000,  as  will 
be  apparent  after  reading  chap,  iii.)  With  the  $2000  lump  thus 
converted  into  $500  per  annum,  we  can  say  that  the  advantage 
of  opportunity  I  is  1520  +  500  =  $2020  per  annum.  In  the 
same  way,  converting  the  $4400  lump,  we  find  the  corresponding 
annual  sum  is  ^40^  =  $1100.  Thus  the  advantage  of  II  reduces 
to  1100  +  900  +  100  =  $2100  per  annum. 

The  numerical  advantages  of  opportunity  I  being  now  reduced 
to  the  one  expression,  $2020  per  annum,  and  those  of  II  to  the 
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one  expression,  $2100  per  annum,  we  note  that  the  net  advantage 
is  2100  —  2020  =  $80  per  annum,  and  Ues  with  opportunity  II. 
In  other  words,  so  far  as  numerical  qualities  are  concerned,  II 
is  better  than  I  by  $80  per  annum.  However,  it  must  be  re- 
membered that  the  opportunity  offering  the  $80  advantage  in 
yield,  requires  $2000  more  capital.  The  question  then  resolves 
itself  into  what  yield  could  be  secured  from  the  $2000  elsewhere 
if  opportunity  I  were  accepted  (see  §223). 

Note. — Instead  of  converting  lump  sums  into  annual  sums  as  we 
have  done,  we  might  have  converted  the  annual  sums  in  the  difference 
columns  into  lump  sums;  and  the  net  advantage  of  II  would  have  been 
found  to  be  $320  lump — which  is  the  same  (approximately)  as  $80 
per  annum. 

220.  In  pursuing  the  comparison  above,  the  steps  taken 
have  been  guided  solely  by  the  principles  of  comparison  pre- 
viously stated.  We  have  drawn  in  no  way  on  business  ex- 
perience. Thus  the  effectiveness  of  the  principles  has  been 
demonstrated. 

However,  the  procedure  used  in  current  practice  is  far  more 
convenient  than  that  used  above,  while  at  the  same  time  it 
conforms  to  the  same  principles. 

Second  Solution   (by  General  Principles  and  the  Procedure  of  Current 

Practice) 

221.  Let  us  make  a  new  start  on  the  solution  of  Example  1 
(which  is  repeated  below  for  convenience) — this  time  conforming 
to  current  practice. 

Example  (repeated). — We  have  the  option  of  leasing  a  certain  house 
at  $900  a  year  for  a  period  of  4  yr.;  we  can  furnish  the  house  at  a 
cost  of  $4000,  sublease  it  at  $2000  a  year,  and  sell  the  furnishings  for 
$1600  at  the  expiration  of  the  lease.  The  cost  of  collecting  rent,  of 
insurance,  etc.,  will  be  about  $100  a  year.  On  the  other  hand,  for  the 
same  period,  we  can  loan  $6000  at  8%  with  good  security.  Which 
opportunity  shall  we  choose? 

222.  In  practice  it  is  usual  first  to  combine  numerical  qualities 
of  income  and  outgo  into  one  derived  quality,  namely,  annual 
yield.     The  calculations  are  shown  in  Table  222. 
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Table  222. — Calculation  of  Yield 

Opportunity  I 

Income  (annual  rental) $2000 

Capital  invested  (first  cost  of  furnishings) $4000 

Capital  recovered  (salvage  from  furnishings) . . .     1600 

Total  depreciation $2400 

Annual  depreciation  cost^ $600 

Annual  rental  paid 900 

Expense 100 

Annual  operation  cost 1000 

Service^  cost 1600 

Yield  (money) 400 

Yield,  per  cent  (40^ooq)ioo 10 

Opportunity  II 

Income  (interest  on  $6000  at  8  %) $480 

Capital  invested $6000 

Capital  recovered 6000 

Annual  depreciation  cost 0 

Annual  operation  cost 0 

Service  cost , 0 

Yield  (money) $480 

Yield,  per  cent 8 

223.  The  money  yields  ($400  for  opportunity  I  and  $480  for  II) 
are  directly  comparable,  and  indicate  an  advantage  for  II  of 
$480  -  400  =  $80.  But,  the  per  cent  yields  (10%  for  oppor- 
tunity I  and  8  %  for  II)  on  the  contrary  indicate  an  advantage  for 
opportunity  I  of  10  —  8  =2%.     That  is,  the  opportunity  giving 

1  This  $600,  found  by  dividing  the  total  depreciation  by  the  number  of 
years,  is  of  course  the  average  annual  depreciation,  and  is  the  true  annual 
depreciation  cost  only  on  the  supposition  that  the  rate  of  interest  on  the 
sinking  fund  is  zero.  (The  true  annual  depreciation  cost,  assuming  4%  on 
sinking  fund,  is  $565.20,  for  the  calculation  of  which  see  §401.)  Annual 
depreciation  cost  must  not  be  confused  with  the  actual  annual  drop  in  the 
value  of  the  furnishings  (see  §403). 

2  The  "service"  rendered  in  opportunity  I  is  tkat  of  supplying  some  one's 
need  of  furnished  quarters.  The  service  rendered  in  opportunity  II  is  that 
of  satisfying  directly  some  one's  desire  for  the  loan  of  $6000. 
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the  greater  money  yield,  in  this  example,  gives  the  smaller  per 
cent  yield. 

How  then  shall  choice  be  made  in  cases  such  as  this,  where 
money  yields  and  per  cent  yields  give  opposite  indications? 
The  answer  is  to  be  discovered  by  stating  the  situation  a  httle 
differently:  by  employing  $4000  in  I  we  can  obtain  a  $400 
yield;  or  by  putting  in  an  extra  $2000  and  taking  II  we  can  obtain 
an  extra  $80  in  yield.  A  money  yield  of  $80  from  $2000  invest- 
ment is  100  (8%ooo)  =  4  %. 

224.  Evidently,  as  far  as  yield  is  concerned,  the  choice  between 
the  two  opportunities  hinges  on  whether  or  not  we  regard  4% 
a  satisfactory  yield  on  capital.  Wellington,  forty  years  ago, 
said: 

No  increase  of  expenditure  [in  first  cost]  over  the  unavoidable  mini- 
mum is  expedient  or  justifiable,  however  great  the  probable  profits  and 
value  of  an  enterprise  as  a  whole,  unless  the  INCREASE  can  with 
reasonable  certainty  be  counted  on  to  be,  in  itself,  a  profitable  invest- 
ment. Conversely,  no  saving  of  expenditure  [in  first  cost]  is  expedient 
or  justifiable,  however  doubtful  the  future  of  the  enterprise  as  a  whole, 
when  it  can  with  certainty  be  counted  on  that  the  additional  expenditure 
at  least  will,  at  the  cost  of  the  capital  to  make  it,  be  in  itself  a  paying 
investment.^ 

225.  We  have  gone  as  far  in  the  matter  of  choice  as  is  possible 
in  a  comparison  limited  to  the  data  of  income  and  outgo.  We 
next  enter  upon  a  consideration  of  the  last  three  qualities  (of 
Table  217),  namely:  (6)  trouble,  etc.,  (7)  risk  of  loss,  and  (8) 
marketability. 

Comparing  opportunities  I  and  II  on  the  basis  of  quality  (6), 
we  can  be  sure  that  the  advantage  is  on  the  side  of  II,  but  we 
can  assign  no  numerical  value  to  this  advantage.  (These  two 
facts  are  indicated  in  the  table  by  writing  x  in  the  right  hand 
column.)  Similarly,  comparisons  on  basis  of  quality  (7)  and 
quality  (8),  assure  the  advantages  to  II,  but  these  advantages  are 
incapable  of  expression  except  in  general  terms;  hence  y  and  z  in 
right  hand  column. 

226.  The  progress  so  far  made  toward  a  choice  between  the 
two  opportunities  described  in  the  example,  may  be  concisely  set 
forth  as  in  Table  226. 

^Economic  Theory  of  Railway  Location  (New  York:  John  Wiley  &  Sons). 
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Opportunity 

Difference  in 
favor  of 

I 
(House) 

II 

(Loan) 

I 

II 

Capital  required 

$4000 

400 
Considerable 
Considerable 
Slight 

$6000 

480 
None 
Negligible 
Good 

$2000 

Money  yield  (an  $80  yield  on 

$2000  is  a  4%  yield) 

Trouble,  care  and  responsibility . 
Risk  of  loss 

$80 

X 

y 

z 

Marketability 

227.  An  inspection  of  Table  226  makes  it  clear  that  (1)  if  we 
regard  4  %  a  satisfactory  return  on  the  additional  capital  required 
in  opportunity  II,  the  calculated  advantage  is  with  II;  and  there- 
fore all  the  advantages  are  with  II,  since  x,  y,  and  z  favor  II;  and 
hence  we  must  logically  decide  for  II.  But  (2)  if  4  %  is  held  to  be 
unsatisfactory,  the  calculated  advantage  lies  with  I;  and  our  final 
decision  rests  on  whether  or  not  we  give  to  this  advantage  greater 
weight  than  we  give  to  the  contrary  advantage  x  +  y  +  z. 
Probably  the  reader  would  join  the  author  in  calling  4%  slu 
unsatisfactory  yield;  and  the  degree  of  unsatisfactoriness  might 
readily  be  agreed  upon  by  comparing  the  4  %  with  current  yields 
on  capital  employed  in  various  remunerative  ways.  But  no 
two  persons  could  be  expected  to  give  precisely  the  same  weight 
to  X  +  y  -\-  z,  for  this  weight  is  necessarily  affected  by  the 
personal  equation.  One  person  will  regard  Hghtly  the  "trouble, 
care,  and  responsibility;"  while  another,  of  different  temperament, 
may  go  so  far  as  to  say  that  he  would  not  shoulder  the 
trouble,  care,  and  responsibility  under  any  circumstances. 


Irreducible  Data 

228.  The  reader,  while  following  the  comparisons  above,  no 
doubt  noted  the  fact  that  in  the  course  of  the  work  all  of  the 
qualities  of  the  investments  arranged  themselves  in  two  sharply 
defined,  mutually  exclusive  classes:  the  first  embracing  the  quali- 
ties that  are,  the  second  those  that  are  not,  capable  of  being 
reduced  to  a  single  numerical  value.  As  we  shall  have  frequent 
occasion  to  distinguish  the  one  class  from  the  other  or  to  assign 
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a  quality  to  either  one  class  or  the  other,  it  is  desirable  to  give 
to  each  class  a  specific  name.  The  following  names  have  been 
chosen  as  being  descriptive  of  the  two  classes:  reducible  data 
and  irreducible  data. 

Special  Cases 

229.  The  principles  and  procedure  developed  in  connection 
with  the  foregoing  general  example  are  applicable  to  all  cases  in 
which  choice  must  be  made  between  various  opportunities  for  the 
employment  of  capital.  However,  among  the  special  cases  there 
are  those  whose  distinguishing  features  are  of  interest  sufficient 
to  justify  some  description  here. 

230.  Special  Case  1.  Equal  Capital. — If  in  the  foregoing  ex- 
ample, the  required  capital  for  opportunity  II  had  been  the  same 
as  for  I,  namely,  $4000,  the  reduction  of  numerical  data  would 
have  given  the  results  shown  in  Table  230. 


Table  230. — Comparative  Statement 

Opportunity 

Difference  in  favor  of 

I 

(House) 

II 

(Loan) 

I 

Capital  required             .    . 

$4000 

400 

10 

$4000 
320 

8 

$0 
80 

2 
.... 

$0 

Money  yield 

Per  cent  yield 

Irreducible  data 

X  -\-  y  -\-  z 

Thus  where  the  opportunities  under  comparison  require  equal 
sums  of  capital,  the  comparison  of  reducible  data  reduces  to  only 
a  difference  between  yields;  and  the  calculable  advantage  is  with 
the  greater  yield. 

231.  Special  Case  2.  Incomes  Unknown  but  Equal. — Con- 
sider the  following:  A  manufacturer  finds  that  his  expanding 
business  requires  the  erection  of  an  additional  building.  He 
decides  to  erect  the  building  of  either  wood  or  brick,  whichever 
promises  to  be  the  better  investment. 

If  he  could  make  a  reasonable  estimate  of  income  to  be  expected 
from  the  building,  he  could  choose  on  the  basis  of  yield  and 
irreducible  data.  But  since  the  building  is  to  render  some 
auxiliary  service  furthering  the  chief  service  that  he  sells,  he  would 
find  it  impracticable  if  not  impossible  to  put  any  satisfactory 
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evaluation  on  income  from  the  building.  All  he  can  say  of  the 
promised  income  is  that  it  will  be  the  same  whether  the  building 
be  of  wood  or  of  brick.  Not  knowing  the  income,  he  cannot  know 
the  yield.  How  then  is  the  manufacturer  to  choose  between 
the  two  investments? 

Suppose  his  data  to  be  as  follows :  Anticipated  duration  of  service  is 
15  yr.  The  brick  would  cost  $48,000;  cost  practically  nothing  for 
repairs;  and  sell  at  the  end  of  15  yr.  for  $3000.  The  wooden  shop 
would  cost  $31,000;  its  upkeep  annually  $2000;  and  it  would  sell  for 
$1000  at  the  end  of  the  period.     Which  to  build? 

Let  us  apply  the  procedure  of  the  general  case  to  these  data,  as 
in  Table  231. 


Table  231. — Calculation  and  Comparison 


Brick 

First  cost $48,000 

Salvage  value 3 ,  000 


Total  depreciation $45,000 

Annual  depreciation  cost 3,000^ 

Annual  upkeep,  etc 0 


Annual  service  cost 3 ,  000 

Annual  income  (same  for  both — call 

it  M) M 


Annual  yield M  -3000 

Comparison 


Wood 
$31,000 
1,000 


$30,000 
2,0001 
2,000 

4,000 
M 

M-4000 


Opportunity 

Difference  in  favor  of 

Brick 

Wood 

Brick 

Wood 

Capital  required 

Yield 

$48,000 
M-3000 

$31,000 
M-4000 

$1,0002 

$17,000 

Evidently  the  choice  hinges  on  whether  or  not  the  manufacturer 
regards  favorably  a  yield  of  $1000  on  $17,000,  that  is,  5.9%.     (Very 

^  These  values  are  approximate,  being  the  result  of  taking  Ks  of  the 
total  depreciation.  For  the  exact  method  of  calculating  annual  deprecia/- 
tion  cost  see  §§401,  402. 

^  (M-3000)  -  (M-4000)  =  1000.     Thus   the  equal  though  unknown  in- 
comes present  no  obstacle  to  our  calculating  the  difference   between  the 
money  yields. 
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likely  5.9%  would  not  appeal  to  him,  especially  if  he  were  borrowing 
money  at  6  or  7%.) 

To  the  reader  who  has  followed  the  example  just  above  and  its 
solution  it  is  obvious  that  this  special  case  offers,  no  obstacle  to 
the  application  of  the  method  used  in  the  solution  of  the  general 
example.  It  is  plain  too  that  in  special  cases  like  this  the  dif- 
ference between  the  two  money  yields  is  equal  to  the  difference 
between  the  two  service  costs. 

232.  It  should  interest  the  student  of  engineering  to  know  that 
by  far  the  greater  proportion  of  investment  problems  which 
engineers  are  called  upon  to  solve  are  similar  to  the  one  which 
we  have  just  been  considering. 

The  promoter  of  a  railroad  enterprise  causes  estimates  to  be  made  of 
prospective  income  as  well  as  of  prospective  costs.  But  no  estimate  is 
made  of  income  from  service  rendered  the  enterprise  by  a  bridge,  a 
tunnel,  the  roadbed,  a  freight  or  passenger  station,  a  fence,  and  so  on. 

233.  Special  Case  3.  The  Single  Opportunity.— Often  the 
capitalist  has  under  consideration  a  single  opportunity  for  in- 
vestment, and  then  his  question  is :  Shall  I  accept  this  opportunity? 

In  each  case  the  capitalist  undertakes  to  answer  the  question 
by  ascertaining  the  qualities  of  the  investment,  including  yield; 
and  comparing  these  qualities  with  some  imaginary  standard  set 
of  qualities  which  he  holds  in  his  mind  as  pertaining  to  the  least 
advantageous  opportunity  which  he  believes  acceptable  to  him. 
Thus  if  the  offered  opportunity  lies  in  the  retail  grocery  business 
and  promises  a  yield  of,  say,  15%  his  decision  to  accept 
or  reject  the  offer  will  be  based  partly  on  his  idea  as  to  what 
the  minimum  yield  from  that  kind  of  enterprise  should  be  in 
order  to  make  it  inviting. 

In  this  connection,  it  may  be  pertinent  to  add  that  the  minimum 
acceptable  per  cent  yield  varies  from  business  to  business.  For  example, 
a  mining  opportunity,  which  promised  a  yield  no  greater  than  that  of 
an  ordinary  grocery  business,  would  be  declined.  This  difference  in 
acceptable  yield  is  of  course  owing  to  the  fact  that  the  yield  is  the  factor 
which,  by  competition  between  capitalists  and  between  opportunities, 
is  adjusted  to  make  all  opportunities  approximately  equal  in  accept- 
ability when  all  qualities  are  considered. 

234.  Reviewing  these  special  cases,  we  see  that  though  they 
differ  from  the  general  case,  which  we  solved  first,  their  solution 
is  readilv  effected  by  the  same  principles  and  the  same  procedure. 
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235.  The  progress  so  far  made  in  the  analysis  of  the  problem 
of  choice  of  opportunities  for  investment,  is  shown  by  the 
diagram,  Fig.  235. 


Choice  of 
investment 
(based  on) 


Yield 

Income 

(annual) 

(-) 

Opportunity 

Service 

I 

cost 

Depreciation 

(  +  ) 
Operation 


First  cost 
Salvage  value 
Life 


Yield 

(annual) 

Opportunity 

II 


(Same    subdivisions 
above. ) 


as   for    opportunity    I 


I 


Irreducible  data 

Fig.  235. — Analysis  of  problem  of  investment. 


It  may  be  well  to  state  for  the  benefit  of  the  student  who  has  never 
before  met  a  diagram  of  analysis,  that  the  diagram  is  no  part  of  the 
analysis  itself.  '  The  diagram  is  a  memorandum  list  of  disclosed  ele- 
ments, but  differs  from  an  ordinary  memorandum  list  in  this,  that  the 
names  of  the  elements  are  so  arranged  that  their  space  relations  on  the 
page  correspond  as  nearly  as  may  be  to  the  logical  relations  between 
the  elements.  Thus  the  diagram  is  a  sort  of  graphic  representation  of 
the  results  of  the  analysis.  Analysis  diagrams  have  been  a  material 
help  to  me  in  making  the  analysis  discussed  in  this  book,  and  such 
diagrams  are  freely  used  in  the  following  pages  in  the  belief  that  they 
will  be  equally  helpful  to  the  student  in  reading  the  book. 

The  diagram,  on  its  face,  indicates  that  we  could  choose 
between  two  opportunities  were  we  given  all  the  elements: 
income,  i&rst  cost,  salvage  value,  hfe,  operation  cost,  and  irredu- 
cible data.  But  it  must  be  remembered  that  while  in  the  analysis 
of  service  cost  we  found  the  true  qualitative  relations  between 
depreciation  and  its  elements:  first  cost,  salvage  value,  and  hfe; 
we  found  only  the  approximate  quantitative  relations.  The  try£ 
quantitative  relations  will  be  developed  in  chap.  rv.  The 
development  involves  compound  interest  and  sinking  funds.  If 
the  reader  has  already  a  working  knowledge  of  the  latter  he  may 
turn  at  once  to  chap,  iv  and  continue  the  analysis  of  cost  of 
service;  otherwise  he  must  defer  reading  chap,  iv  until  he  has 
made  the  fundamental  principles  of  chap,  iii  his  own. 


CHAPTER  III 

INTEREST 

Time    Value   of   Money,    Simple    Interest,    Compound   Interest, 
Sinking  Funds,  Annuities,  etc. 

TIME  VALUE  OF  MONEY 

301.  It  is  the  universal  custom  for  the  lender  of  money  to 
require  the  borrower  to  pay  money  for  the  use  of  the  money 
borrowed.  The  lender  is  said  to  charge  interest  for  the  use  of 
his  money.  When,  in  conformity  to  some  agreement  between 
two  persons,  A  and  B,  A  must  pay  to  B  a  sum  of  money  on  a 
named  date,  called  the  due  date,  the  sum  is  said  to  be  due  on 
that  date,  and  if  not  paid  when  due,  becomes  overdue,  and  so 
remains  until  paid.  If  A  lets  the  sum  become  overdue,  it  is 
reasonable  that  he  should  pay  interest  to  B  on  the  sum  during  the 
time  that  it  remains  overdue;  because  the  fact  that  the  demand 
by  borrowers  always  exceeds  the  supply  of  money  in  the  hands 
of  lenders  makes  it  fair  to  assume  that  were  the  sum  paid  when 
due,  B  could  loan  it  at  interest.  This  growth  of  money  in  time 
must  be  taken  into  account  in  all  combinations  and  comparisons 
of  payments.  It  is  the  object  of  this  chapter  to  show  the  law  of 
this  growth  and  its  effects  on  a  number  of  common  business 
transactions. 

SIMPLE  INTEREST 

302.  When  the  interest  is  made  to  be  directly  proportional 
to  time,  it  is  called  simple  interest.  The  elements  of  problems  in 
simple  interest  are:  (1)  the  principal;  (2)  the  interest  (a  sum  of 
money);  (3)  the  time;  (4)  the  rate;  and  (5)  the  amount. 

1.  The  principal  is  the  sum  of  money,  borrowed  or  otherwise 
owing,  upon  which  interest  is  paid  or  to  be  paid. 

2.  The  interest,  as  stated  above,  is  the  sum  paid  for  the  use 
of  the  principal. 

3.  The  time  is  that  during  which  the  principal  is  owing  by 
the  debtor  to  the  creditor.  The  dates  on  which  interest  falls 
due  are  called  interest  dates,  and  the  interval  between  two 
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successive  dates  is  called  an  interest  period.  The  interest 
period  is  uniform  in  any  one  agreement  or  transaction;  but  is 
variously  taken  as  one  year,  one  half-year,  one  quarter-year,  or 
one  month. 

A  common  custom  in  computing  interest  is  to  assume  that 
each  month  contains  30  da.,  and  each  year  360  da.  Never- 
theless 'Hhe  courts  invariably  rule  that  the  year  to  be  used  in  all 
interest  calculations  is  the  period  of  365  da."^ 

4.  The  rate  is  the  ratio  between  the  simple  interest  earned 

by  the  principal  in  one  interest  period,  and  the  principal.     That 

simple  interest  on  principal  during  one  interest  period 

IS,  rate  = : 

prmcipal 

The  interest  period  is  variously  taken  as  a  month,  a  quarter,  a 

half-year,  or  a  year.     However,  when  a  rate  is  mentioned  without 

specifying  the  length  of  the  interest  period  on  which  it  is  based, 

it  is  always  understood  that  the  interest  period  is  1  yr. 

As  an  example  of  interest  rate:  If  $16  is  paid  for  the  use  of  $200  for 
1  yr.,  the  rate  is,  by  definition,  i^oo  or?  as  a  decimal  fraction,  0.08. 
Again,  if  $75  is  paid  for  the  use  of  $1000  for  one  year,  the  rate  is  "^^ooo 
or  0.075.  In  practice  the  rate  is  not  commonly  stated  directly  as  we 
have  stated  it  in  the  two  examples  above,  but  is  indirectly  expressed  by 
specifying  how  many  units  of  simple  interest  one  hundred  units  of 
principal  earn  in  1  yr.  Thus  ^'i^^oo"  becomes  ''eight  per  hun- 
dred," and  '"^^000  "  is  the  same  as  "seven  and  one-half  per  hundred." 
However,  instead  of  ''per  hundred"  the  Latin  equivalent  "per  centum" 
(shortened  usually  to  per  cent)  is  universally  employed;  and  the  mark, 
%,  is  a  kind  of  shorthand  symbol  for  "per  cent."  So  the  customary 
way  of  expressing  the  fact  of  the  first  example  is  "$200  at  8%;"  and  of 
the  second  example,  "$1000  at  7^%." 

It  should  be  noted  that  the  rate  as  defined  above  is  not  8  in  the  first 
example  nor  7.5  in  the  second;  but  is  in  the  first  the  ratio  %oo  or  0.08, 
and  in  the  second  is  the  ratio  ^.^oo  or  0.075. 

5.  The  amount  is  the  sum  of  principal  and  interest  for  any 
specified  period  of  time. 

303.  Formulas  for  the  solution  of  problems  in  simple  interest 
can  be  written  directly  from  the  definitions  given  in  the  preceding 
sections;  and  will  be  found  in  Table  I  (see  under  "Tables"  in 
Index). 

^  Watson,  James  C,  Interest,  Discount,  and  Investment  Tables  (Ann 
Arbor,  Michigan:  George  Wahr). 


22  ENGINEERING  ECONOMICS 

304.  Example. — A  note  for  $280.50,  bearing  6%  simple  interest,  is 
dated  Sept.  22,  1905,  and  falls  due  June  17,  1907.  What  is  the  total 
simple  interest  on  the  note  for  the  full  time? 

The  total  interest,  7,  is  the  product  of  the  three  quantities:  principal, 
P;  rate,  i;  and  time,  n,  expressed  in  years;  that  is  Z  =  Pin  (see 
Table  I). 

Solution  on  the  basis  of  a  365-day  year: 

Sept.  22,  1905  to  Sept.  22,  1906 365  days 

Sept.  22  to  30 8  days 

October 31  days 

November 30  days 

December 31  days 

January 31  days 

February 28  days 

March 31  days 

April 30  days 

May 31  days 

June 17  days 

Total  time 633  days 

Therefore  n  =  ^s^^gg, 

and  the  total  interest  is 

I  =  Pin 
=  280.50  X  0.06  X  ^^Hes 
=  $29.19.     Answer. 
Solution  on  the  basis  of  a  360-day  year: 
June  17,  1907  =  1907  6  17 

Sept.  22,  1905  =  1905  9  22 

Time         =        1  yr.      8  mo.      25  da.  =  625  da. 
Therefore  ^1  =  6  2^^^^^ 

and  the  total  interest  is 

I  =  Pin 
=  280.50  X  0.06  X  62^^60 
=  $29.22.     Answer. 

Of  this  example,  another  solution,  employing  tables,  will  be  found 
adjacent  to  Tables  G  and  J  (see  under  ''Tables"  in  Index).  Note 
that  the  rate  in  this  example  is  not  ''6"  but  ''6  %,"  that  is,  ^oo  or  0-06. 

COMPOUND  INTEREST 

Elements 

305.  In  simple  interest,  as  we  have  seen,  interest  is  computed 
only  on  the  original  principal.     In  compound  interest,  interest 
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is  computed  not  only  on  the  principal  but  also  on  all  unpaid 
interest  which  is  overdue.  The  following  example  is  a  sort  of 
of  moving  picture  of  the  process  of  compound  interest. 

Let  the  principal  be  $1,  the  rate  4%,  and  the  interest  period  6 
mo.  If  the  interest  is  paid  at  the  end  of  each  half-year,  each  pay- 
ment is  1  X  0-0^  =  10.02.  But  if  no  interest  is  paid  till  the  end  of  the 
year,  the  interest  due  at  the  end  of  the  first  half-year  (namely  $0.02)  is 
added  to  the  principal,  $1,  forming  a  new  principal,  $1.02.  The  new 
principal,  $1.02,  draws  interest  for  the  second  half-year,  and  the  interest 
due  at  the  end  of  the  second  half-year  is  therefore  1.02  X  ^-^^  = 
$0.0204.  This  interest,  $0.0204,  is  added  to  the  principal  $1.02,  making 
a  newer  principal,  $1.0404,  which  draws  interest  during  the  third 
half-year;  and  so  on. 

306.  Let  us  repeat  the  steps  of  the  compound  interest  process 
described  above,  using  letters  to  represent  the  several  elements. 

Let  P  =  the  principal; 

j  =  the  rate  per  interest  period; 

q  —  the  number  of  interest  periods  in  the  time  considered; 

S  =  the  amount  of  P  at  the  end  of  q  periods. 

During  the  first  interest  period  the  (original)  principal  P 
earns  the  interest  Pj  and  amounts  to  P  +  Pj  ov  P{1  +  j).  That 
is,  the  amount  for  one  interest  period  is  equal  to  the  principal 
that  is  running  during  the  period,  multipKed  by  one-plus-the-rate. 
During  the  second  period  the  new  principal  P(l  -\-  j)  earns  inter- 
est P(l  +  j)j  and  amounts  to  P(l  +  j)  +  P(l  -\-  j)j,  or  P(l  +  j) 
(1  +  i),  or  P(l  +  j)^;  which  in  turn  as  a  newer  principal  drawing 
interest  during  the  third  period,  amounts  to  P(l  +i)^(l  +  j) 
or  P(l  +  j)^;  and  so  on  to  the  end  of  the  5th  period,  when  the 
amount  will  be 

S  =P{l-\-  JY  (306) 

307.  This  equation  expresses  the  law  of  compound  interest, 
which  in  words  is :  The  amount  of  a  sum  of  money  at  compound 
interest  during  a  given  number  of  interest  periods  is  equal  to 
the  said  sum  multiplied  by  one-plus-the-rate-per-period  raised 
to  a  power  whose  exponent  is  the  number  of  interest  periods. 

308.  Inasmuch  as  the  most  commonly  specified  rate  of  interest 
is  the  rate  for  which  the  interest  period  is  the  year,  it  is  desirable 
to  express  the  equation  above  in  terms  of  the  annual  rate. 
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Let  i  =  the  annual  rate  (that  is  the  simple  interest  on  one  unit 
of  principal  during  1  yr.) ; 
h  =  the  number  of  interest  periods  in  1  yr. ; 
n  =  the  number  of  years. 

Then  j  =  i/h;  q  =  nh;  and  substituting  these  values  of  j  and  q 
in  eq.  306  we  have 

S  =P{1+  i/hy-  (308) 

Thus,  for  example,  the  amount  of  $100  for  4  yr.  at  6%, 
payable  semi-annually,  is  >S  =  $100(1  +  o.o^)2X4  ^  ioo(1.03)8. 

The  annual  rate,  if  compounded  more  than  once  a  year,  is  often 
called  nominal  rate  in  contrast  to  effective  rate  discussed  below. 

309.  At  times  it  is  desirable  to  know  what  rate  of  interest 
at  annual  compounding  would  have  the  same  cumulative  effect 
as  a  given  annual  rate  compounding  a  given  number  of  times — 
twice  or  four  or  twelve  times — a  year.  Such  a  rate  is  called  the 
effective  rate. 

For  example,  I  have  a  chance  to  loan  a  sum  at  6%  per  annum  payable 
monthly;  and,  as  I  am  in  the  habit  of  thinking  of  rates  on  the  basis  of 
annual  compounding,  I  wish  to  know  the  rate  which  compounding 
annually  would  give  the  same  return  as  the  present  offer. 

The  formula  for  calculating  the  effective  rate  is  obtained  by  equating 
for  the  same  time  the  expression  for  amount  in  terms  of  the  given  rate 
and  the  expression  for  amount  in  terms  of  the  effective  rate,  and  solving 
for  the  effective  rate.  See  Table  II  (which  may  be  located  by  consulting 
the  Index). 

For  every  effective  rate  there  is  an  equivalent  nominal  rate 
compounded  two,  or  four,  or  any  other  number  of  times  a  year. 

310.  It  is  convenient  to  have  a  single  symbol  to  represent 
the  amount  of  one  unit  of  principal  for  1  yr.  If  we  let  s  be 
this  symbol,  then  its  value  in  terms  of  i  and  h  must  be 

s  =  {l+i/hY  (310) 

It  will  be  observed  that  as  (1  +  i/hY  =  1  -f  e  (e  being  the  effective 
rate),  eq.  310  may  be  written  thus:  s  =  1  -\-  e. 
By  use  of  eq.  310,  eq.  308  can  be  abbreviated  to 

S  =  Ps-  (310a) 

311.  The  growth  of  a  sum  of  money  under  the  operation  of 
compound  interest  is  sometimes  called  accumulation  of  that  sum. 
To  accumulate  a  sum  to  a  given  date  is  to  find  the  amount  of  the 
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sum  on  that  date.     The  quantity  s"  is  then  referred  to  as  the 
accumulation  factor. 

Table  A  (see  under  ''Tables"  in  Index)  gives  values  of  the  accumu- 
lation factor,  s**,  for  various  values  of  n  and  i,  based  on  annual  com- 
pounding. On  the  page  facing  the  table  will  be  found  examples 
illustrating  the  use  of  the  table. 

312.  A  common  problem  in  compound  interest  is  to  find  the 
sum  which  under  given  interest  conditions  will  accumulate  or 
amount  in  a  given  time  to  a  stated  sum;  or,  in  customary  terms, 
to  find  the  present  value  or  present  worth  of  the  stated  sum. 
Obviously  the  present  worth  corresponds  to  principal,  P,  in  eq. 
310a  {S  =  Ps")  and  the  "stated  sum"  corresponds  to  amounts 
therein.     Thus  present  worth  in  terms  of  the  stated  sum  is: 

P  =  S(l/s-)  ■    (312) 

For  example,  the  present  worth  of  $100  due  4  yr.  hence,  if  money 
is  worth  6%  per  annum  payable  annually,  is  P  =  100[1/(1.06)'']. 

Other  expressions  sometimes  used  to  signify  present  worth,  are 
present  justifiable  expenditure  and  capitalized  value  or  capitaHzed  cost 
(see  also  §320). 

313.  The  quantity  1/s  is  so  frequently  used  that  it  is  convenient 
to  represent  it  by  a  single  letter.     Let  this  letter  be  p.     Then 

V  =  1/s  (313) 

and,  of  course,  p"  =  1/s",  and  eq.  312  can  be  written, 

P  =  aSp"  (313a) 

314.  The  operation  of  finding  the  present  worth,  for  a  given 
date,  of  a  sum  payable  on  a  later  date  is  sometimes  referred  to 
as  discoimting.  For  example,  instead  of  saying  ''Find  the  pres- 
ent worth,  for  Jan.  1,  1920  of  $100  payable  Jan.  1, 1930,"  we  may 
say,  "Discount  to  Jan.  1,  1920,  $100,  payable  Jan.  1,  1930." 
The  quantity  p"  is  then  referred  to  as  the  discounting  factor. 
Since  p"  =  1/s",  or  s~",  the  discounting  factor  is  the  reciprocal  of 
the  corresponding  accumulation  factor. 

Table  B  (consult  Index)  gives  values  of  the  discounting  factor,  p",  for 
various  values  of  n  and  i  on  the  basis  of  annual  compounding.  It  will 
be  observed  that  each  value  in  Table  B  is  the  reciprocal  of  the  cor- 
responding value  of  Table  A.  The  use  of  the  table  is  illustrated  on  the 
page  opposite  the  table. 

It  should  be  noted  that  there  are  two  dates  concerned  in  calculating 
the  present  worth  of  a  single  sum,  namely,  the  date  for  which  present 
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worth  is  to  be  figured,  and  the  due  date.  If  the  former  date  is  stated  in 
a  problem,  the  computer  must  imagine  himself,  in  point  of  time,  on  that 
date;  but  if  the  former  date  is  not  stated  directly  or  indirectly,  he 
figures  the  present  worth  as  for  the  actual  date  on  which  he  makes  the 
calculation. 

315.  Formulas  for  rate  and  for  time,  obtained  by  solving  eq. 
308  for  i  and  n  respectively,  are  given  in  Table  II  (consult  Index). 

In  solving  eq.  308  for  w,  the  first  step  is  to  divide  both  sides 
by  P,  and,  next,  to  pass  to  logarithms,  obtaining  log  (S/P)  = 
hn  \ogi  1  +  i/h). 

Time  Schedule 

316.  The  discussion  of  the  application  of  the  law  of  compound 
interest  to  various  transactions  will  be  much  facilitated  by  the 
use  of  the  time  schedule,  which  is  neither  more  nor  less  than 
a  graphic  calendar. 

The  time  schedule  is  no  part  of  the  laws  of  compound  interest,  nor  is 
it  necessary  in  any  way  to  the  understanding  of  those  laws.  It  is  merely 
a  device  by  means  of  which  time  relations  between  payments  can  be 
taken  in  by  the  eye  at  a  glance.  Such  schedules  have  been  time  and 
error  savers  to  me  and  have  been  used  in  the  text  in  the  hope  that  they 
may  be  equally  helpful  to  the  reader. 

(a)  -3  -2  -1  0  +1  +2  +3    Years 


(6)         p3  p2             p  Is  s2  s3    Pay- 

(c)  s~3  s~2            s"i  1                s  s^  s'    ments 

(d)  s-i  Is  s^              s^  s*  s6 
s-3 

S-2 (S-2S4) 

(e)  1 

s 

(sV) s^ 

(s'p  ^) s' 

Fig.  316a. — Time  schedule. 

The  paper  is  divided  into  equal  intervals,  right  and  left,  each 
representing  a  chosen  unit  of  time,  and  the  intervals,  or  the  divi- 
sion marks,  are  labeled  with  appropriate  figures  or  letters;  so 
that  the  whole  forms  a  time  scale,  or  graphic  calendar,  or  time 
schedule.  The  graduated  line  (a)  of  Fig.  316a,  with  the  figures 
written  above,  is  such  a  time  schedule. 
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Figs.  316b,  316c. — Graphs  of  compound  interest  law.     [Fig.  316b  (upper) :  arith- 
metic scales;  Fig.  316c  (lower):  arithmetic  and  logarithmic  scalee.J 
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In  this  particular  schedule  the  scale  is  so  figured  as  to  measure  time 
both  forward  and  backward  from  the  division  point  labeled  0.  On  line 
(b),  below  each  date  mark,  we  have  recorded  a  symbol  representing  a 
payment.     The  payment  recorded  below  the  zero  date,  0,  is  1. 

Each  of  the  payments  recorded  in  line  (b)  will  be  recognized  as  the 
accumulation  or  amount,  for  1  yr.,  of  the  next  preceding  payment; 
and  each  payment  will  also  be  recognized  as  the  present  worth  of  the 
next  succeeding  payment. 

Line  (c)  is  precisely  the  same  as  line  (6)  except  that  in  fine  (c)  p  has 
been  replaced  by  its  equal  1/s  or  s-^.  Line  (c)  shows  the  symmetry  of 
the  discount  factors  and  accumulation  factors  about  the  1. 

Multiplying  all  of  the  factors  of  Une  (c)  by  some  power  of  s,  as  s^ 
say,  we  obtain  the  series  of  factors  shown  on  line  (d).  It  is  to  be  noted 
that  the  only  effect  of  the  multiplication  has  been  to  shift  the  whole 
series  to  the  left  by  a  space  representing  2  yr.  of  time. 

By  staggering  the  payment  symbols  on  the  schedule,  so  as  to  give 
each  symbol  a  horizontal  line  to  itself,  as  shown  on  line  (e),  this  decided 
advantage  is  gained:  the  sjnnbol  for  the  result  of  discounting  or  accu- 
mulating each  payment  to  any  date  can  be  written  in  its  correct  position 
on  the  schedule  without  confusion.  For  example,  s~^  accumulated 
4  yr.  gives  s-^s^  which  is  shown  in  parenthesis  on  its  correct  date. 
Similarly,  s^  discounted  4  yr.  and  s^  discounted  5  yr.  give  respectively 
s^p^  and  s^p^  which  are  shown  in  parentheses  on  the  same  correct  date. 

In  Figs.  316b  and  316c  will  be  found  two  graphic  representations  of 
the  law  of  compound  interest.  The  yearly  ordinates  for  each  curve 
correspond  to  the  series  s"«  .  .  .  1  .  .  .  s"  of  Fig.  316a.  The  two 
figures,  316b  and  316c  are  plotted  from  the  same  data:  tlje  difference 
in  the  resulting  ''curves" — in  one  case  curved,  in  the  other  straight — 
results  from  the  fact  that  in  Fig.  316c  the  vertical  scale  is  logarithmic. 

Equpv^alence 

317.  It  should  be  manifest  that  each  payment  of  the  series 
s~^,  s~^,  s~^,  1,  s,  s^.  .  .  is  the  equivalent  of  each  of  the  other 
payments;  that  is  to  say,  if  A  owes  B  a  sum  s~^  payable  on  a 
certain  date,  it  is  a  matter  of  indifference  to  both  men,  as  to 
whether  A  shall  pay  B  s~^  on  the  date  named,  or  (s~^)s  =  s~^  a 
year  later,  or  (s~^)s^  =  s  two  years  later,  and  so  on — provided 
the  rate  used  in  calculating  s  is  satisfactory  to  both  A  and  B. 

If  I  deposit  on  Jan.  1  a  sum  P  in  a  savings  bank  paying  4  %  compound- 
ing semi-annually,  the  bank  will  give  me  my  choice  of:  P(1.02)  six 
months  later;  P (1.02)2  q^q  y^^r  later;  P(  1.02)3  a  year  and  a  half 
later;  and  so  on.  And  if  I  should  deposit  a  sum  equal  to  P(1.02)-2^ 
they  would  let  me  have  my  choice  of:  P(1.02)-2(1.02)   =  Pa.02)-i 
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six    months   later;    P(1.02)-2(1.02)2  =  P    one    year   later;  P(1.02)-2 
(1.02)3   =  P(1.02)  a  year  and  a  half  later;  and  so  on. 

To  say,  then,  that  a  sum  P  payable  on  a  certain  date  is  equiva- 
lent to  a  sum  Q  payable  n  yr.  later,  is  to  say  that  P  will  amount 
to  Q  on  Q's  date,  or  to  say  that  Q  discounted  to  P's  date  will 
equal  P.     The  equations 

Ps-  =  Q 
P  =  Qs-",  or  Qp" 
which  severally  express  the  equivalence  of  P  to  Q,  are  called 
equations  of  value. 

The  relation  between  P  and  Q  is  not  changed,  of  course,  by 
multiplying  or  dividing  either  equation  by  any  number.  Divid- 
ing the  first  equation  by  s"  results  in  the  second  equation.  Divid- 
ing the  first  equation  by  say  s^,  gives  Ps"^'^  =  Qs~^, — also  an 
equation  of  value.  We  see  that  dividing  by  s^  has  the  effect  of 
accumulating  P  and  discounting  Q  to  a  common  date  which  is 
2  yr.  earUer  than  Q's  date.  Obviously,  then,  if  any  two  payments 
of  different  dates  reach  equality  when  reduced  by  accumulation 
or  discount  to  any  common  date,  the  two  payments  are  equiva- 
lent; and  vice  versa. 

318.  A  common  problem  in  equivalence  is  to  find  a  sum  P 
which  payable  on  date  t4  say,  shall  be  equivalent  to  say  three 
other  sums  Q2,  Qs,  and  Qe  payable  respectively  on  dates  ^2,  h, 
and  ^6  (see  Fig.  318). 

ti               ti               tz               ti  is  ^6  tr 

Dates              I                I                I                I  I  I  I 

lyr.  apart          |               I               I                I  '  I  I 

P 


Fig.  318. — Time  schedule. 


Qt 


If  P  is  the  equivalent  of  the  three  other  payments,  then  after  all 
of  the  payments  have  been  reduced  to  a  common  date,  for  in- 
stance h,  we  shall  have  this  equation  of  value: 

Pp'  =  Q2P  +  Q,p'  +  Qep'. 
Dividing  both  sides  by  p^,  and  replacing  the  resulting  p-^  by  its 
equal,  s^,  we  have  for  P,  the  equivalent  payment  sought,  the 
following  expression: 

P  =  Q2S'  +  Q^P  +  QeP^. 


30 


ENGINEERING  ECONOMICS 


It  is  worthy  of  note  that  this  last  equation  is  precisely  the  equation 
of  value  which  would  have  been  obtained  at  first  if  we  had  reduced  all  of 
the  payments  to  P^s  date,  namely  t^. 

Uniform  Series  of  Payments 

319.  Another  problem  of  frequent  occurrence  is  this:  to  find 
a  uniform  series  of  payments,  D,  D,  D,  .  .  .,  which  shall  be 
equivalent  to  a  given  single  payment,  Z,  at  the  end  of  the  life 
of  the  series.  The  converse  problem  is  also  common.  The 
elements  of  the  problem  and  its  converse  are  inserted  on  the  time 
schedule,  Fig.  319. 


Life  of  series 


Years. 


I 

Dates ta 


Z  =  D(l  +  s  +  52  +  §3)  =  amount  of  D-series. 
D  =  Z/(l+s  +  s^+sO  =  serial  payment. 
(See  Tables  IV,  V,  VI.) 


(Z>s3) 

(Ds) 
D 


Fig.  319. — Time  schedule  of  uniform  series  of  end-of-year  payments  D,  D,    .    . 

The  solution  of  the  problem  and  the  solution  of  the  converse 
problem,  both  shown  in  Fig.  319,  evidently  consist  in  forming  an 
equation  of  value  between  Z  and  the  Z)-series,  and  solving  for  Z 
and  for  D,  respectively. 

The  common  date  actually  chosen  for  the  equation  of  value,  in  Fig. 
319,  is  ti',  but  of  course  the  final  equations  for  Z  and  D  would  have  been 
the  same  as  those  given,  if  any  other  date  had  been  chosen. 

Z,  which  is  evidently  the  sum  of  the  amounts  of  the  individual 
D's,  is  called  the  amount  of  the  series. 
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As  indicated  in  Fig.  319,  it  is  customary  to  consider  that  the 
D-payments  are  made  at  year-ends;  and  consequently  to  consider 
the  life  of  the  series  as  beginning  1  yr.  before  the  first  payment 
and  closing  immediately  with  the  final  payment. 

320.  A  third  problem,  similar  to  the  foregoing,  is:  to  find  a 
uniform  series  of  payments  which  shall  be  equivalent  to  a  given 
single  payment,  W,  made  at  the  beginning  of  the  life  of  the  series; 
and  another  problem  frequently  met  is  the  converse  of  that 
stated.     This  problem  and  its  converse  are  set  up  in  Fig.  320. 

The  principle  of  solution  is  obviously  the  same  for  this  pair  of 
problems  as  for  the  preceding.  The  equations  expressing  W  in 
terms  of  D,  and  D  in  terms  of  W,  are  given  in  Fig.  320. 

W  is  plainly  the  present  worth  of  the  series,  for  it  is  the  sum  of 
the  present  worths  of  the  individual  D's  calculated  for  the  initial 
date. 
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W  =  D{p  -\-  p^  -\-  p'  -{-  p^)  =  present  worth  of  D-series. 
J)  =  W/(p  -{-  p^  +  p'  +  p*)  =  serial  payment. 


Fig.  320. — Time  schedule  of  uniform  series  of  end-of-year  payments,  D,  D,    ... 

Other  terms  are  sometimes  used  with  the  significance  of  "present 
worth"  of  a  series.  For  example:  What  is  the  present  justifiable 
expenditure  to  avoid  the  annual  maintenance  expense  of  $500  per 
annum  for  15  yr.?  Again:  What  is  the  capitalized  cost  of  15  yr. 
maintenance,  if  the  annual  cost  is  $500?  And  again:  What  is  the 
capitalized  value  of  an  income  of  $1200  per  annum  for  20  yr.?  To 
capitalize  a  structure  is  to  find  the  present  worth  of  all  outlays  made  on 
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account  of  the  structure,  both  initial  and  annual  outlays.  Some 
authors  use  the  expression  "capitahze  a  structure"  to  signify:  Find  the 
present  worth  of  all  outlays  made  on  an  infinite  series  of  like  structures. 
This  is  another  way  of  saying :  Find  that  sum  which  placed  at  interest 
will  just  suffice  to  provide  funds  for  the  first  cost  and  annual  costs  of 
a  structure,  funds  for  the  first  cost  and  annual  costs  of  a  like  succeeding 
structure,  and  so  on  for  all  time. 

321.  There  are  three  series  of  particular  interest  because 
of  their  utility,  as  follows : 

1.  That  series  in  which  one  (1)  is  the  annual  end-of-year 
payment; 

2.  That  series  of  which  one  (1)  is  the  amount;  and 

3.  That  series  of  which  one  (1)  is  the  present  worth. 

These  series  with  their  characteristic  notation  are  shown  in 
Figs.  321a,  321b,  321c,  respectively. 

The  subscript,  „,  which  appears  on  each  of  the  symbols  Wn,  Zn,  dn,  and 
On,  is  simply  a  tag  to  indicate  the  life  of  the  series  concerned.  For 
example,  the  present  worth  of  a  4  yr.  1-series  would  be  represented 
by  wa;  the  amount  of  a  20  yr.  1-series,  by  220;  and  so  on. 
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Let  Zn  = 

1 

Let  Wn  = 

Sum 

Sum 

Then 

Wn    = 

p  +  p^  +  p'  .    .    .    +  r. 

= 

present  worth  of  the  1-series. 

= 

series- discounting  factor. 
(See  Tables  III  and  D.) 

and 

Zn    = 

1    -f-  S   +  S2    .      .      .      -\-  S'^-l. 

= 

amount  of  the  l-series. 

" 

series -accumulating  factor. 

(See  Tables  III  and  C). 

Fig.  321a. 


-Time  schedule  of  series  in  which  one  (1) 
payment. 


the  annual  end-of-year 
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Sum  =  One  (1) 
Since  the  sum  is  one  (1) : 

dn    =    1/(1    +  S  +  S2   +  S3  +    .      .      .    +  S"-l). 

=  annual  deposit  to  accumulate  one  (1)  in  n  yr. 
=  the  backward-spreading  factor. 

(See  Tables  III  and  E.) 


Fig.  321b. — Time  schedule  of  a  series  of  payments  of  which  one  (1)  is  the  amount. 
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Sum  =  One  (1) 
Therefore:  a  =  l/(p  +  p"^  +  p^  +  .    .    .  +  p"). 

=  present  worth  of  the  1-series. 
=  the  forward -spreading  factor. 
(See  Tables  III  and  F.) 


On 


P'iG.  321c. — Time  schedule  of  a  series  of  payments  of  which  one  (1)  is  the  present 

worth. 

As  Wn  is  the  present  worth  of  1  per  annum  for  n  yr.,  the 
present  worth  of  D  per  annum  for  n  yr.  is  found  by  multiplying 
D  by  Wn.     The  reason  for  calling  Wn  a  series-discounting  factor  is 
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thus  apparent.  Similar  reasons  hold  for  calling  Zn  a  series- 
accumulating  factor,  dn  a  backward-spreading  factor,  and  an  a 
forward-spreading  factor. 

The  values  of  these  factors,  Zn,  Wn,  d.,  and  On,  for  various  lives  and 
interest  rates  are  given  in  Tables  C,  D,  E,  and  F  respectively  (consult 
Index). 

Formulas  for  calculating  any  one  of  the  several  elements  (except 
interest  rate)  of  this  section  are  given  in  Table  III  (consult  Index). 

Comparisons 

322.  The  preceding  discussion  makes  it  plain  that  it  is  only 
through  the  indirect  means  of  equivalents  that  we  can  compare: 
(1)  two  payments  on  different  dates;  or  (2)  two  series  (regular 
or  irregular)  of  payments  on  two  different  sets  of  dates. 

The  equivalents  used  as  intermediaries  in  a  comparison  may 
be  either  lump  sums  of  a  common  date,  or  two  uniform  series  of 
payments  of  a  common  set  of  dates. 

Not  infrequently  two  irregular  series  of  payments,  having  a  common 
initial  date,  are  compared  by  the  indirect  process  of  comparing  their 
present  worths  calculated  for  the  common  date;  and  in  such  cases  the 
present  worth  is  called  capitalized  value  (as  of  incoming  payments), 
or  capitalized  cost  (as  of  outgoing  payments). 

SINKING  FUNDS,  ANNUITIES,  ETC. 

323.  One  of  the  commonest  uses  of  a  uniform  series  of  pay- 
ments is  to  accumulate  a  specified  sum  for  some  anticipated 
purpose;  the  payments  being  made  into  an  interest  bearing  fund 
drawing  compound  interest.     Such  a  fund  is  a  sinking  fund. 

The  uniform  payments  are  called  sinking  fund  deposits;  the 
life  of  the  series  of  deposits  is  the  life  of  the  sinking  fund. 

The  most  common  sinking  fund  problem  is  this:  Given  the 
sum  which  is  to  be  accumulated  by  the  fund,  the  life  of  the  fund, 
the  interest  rate  on  deposits;  to  find  the  annual  deposit.  Another 
problem,  less  common,  is  to  find  the  amount  of  a  sinking  fund  at 
the  end  of  its  life,  or  at  a  given  age,  when  the  deposit  and  the  rate, 
and  the  Hfe,  or  life  and  age,  are  given. 

324.  Sinking  funds  sometimes  receive  specific  names  corre- 
sponding to  the  purpose  of  the  fund.  To  amortize  a  debt  is  to 
extinguish  it  by  means  of  a  sinking  fund;  so  a  sinking  fund 
established  with  the  object  of  extinguishing  a  debt  is  sometimes 
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called  an  amortization  fund,  and  the  yearly  deposit  in  the  fund 
may  then  be  referred  to  as  the  annual  amortization  cost.  To 
redeem  a  mortgage  is  to  pay  off  and  take  up  the  mortgage;  and 
the  name  redemption  fund  is  sometimes  applied  to  a  sinking  fund 
set  up  to  redeem  the  obligation  at  maturity.  A  sinking  fund 
established  for  the  purpose  of  providing  a  lump  sum  for  the  cost  of 
a  future  renewal  of  a  structure,  may  be  called  renewal  fund; 
and  a  sinking  fund  to  pay  the  cost  of  an  anticipated  replacement 
may  be  referred  to  as  a  replacement  fund.  A  sinking  fund 
established  for  the  purpose  of  making  good  the  anticipated  fall  in 
value  of  a  structure  or  piece  of  land  or  other  property  is  often 
referred  to  as  a  depreciation  fund,  and  the  yearly  deposit  is  then 
called  annual  depreciation  cost. 

325.  Another  type  of  transaction  in  which  the  uniform  series 
of  payments  plays  a  conspicuous  part,  may  be  illustrated  by  this 
example :  For  a  present  lump  payment,  W,  A  agrees  to  pay  to  B  a 
uniform  sum  D  annually  for  n  yr.  B,  in  such  case,  is  said  to 
buy  an  annuity.  The  lump  payment  is  called  the  principal  or 
investment;  and  the  annual  payment  the  yield.  The  period  of 
time  covered  by  the  annual  payments  is  the  life  of  the  annuity. 

It  is  readily  inferred  that  the  common  problem  in  connection 
with  annuities  is  to  find  one  of  the  elements,  principal,  annual 
payment,  or  life,  when  the  other  two  are  known. 

It  is  not  uncommon  to  speak  of  a  uniform  series  of  annual  payments 
as  an  ''annuity,"  even  when  there  is  no  thought  of  an  income  derived 
from  a  lump  payment.  In  such  case,  the  speaker  uses  the  word  "annu- 
ity" as  a  short  name  for  a  uniform  series  of  annual  payments. 

Sinking  fund  and  annuity  are  well  contrasted  in  this  statement: 
Jones  established  a  20  yr.  sinking  fund  to  accumulate  a  sum  with 
which  to  buy  an  annuity.  With  sinking  funds,  a  regular  uniform  series 
of  payments  is  paid  into  an  mcreasing  fund  drawing  compound  interest; 
whereas  with  annuities,  a  regular  uniform  annual  sum  is  drawn  out  of  a 
a  decreasing  fund  that  draws  compound  interest. 

326.  Again,  the  uniform  series  of  payments  appears  in  connec- 
tion with  the  installment  plan,  under  which  the  purchaser  agrees 
to  pay  so  much  (some  uniform  part  of  the  purchase  price)  per 
week,  or  month,  or  other  unit  of  time,  without  interest,  until  the 
sum  of  the  partial  payments  is  equal  to  the  purchase  price  and 
further  agrees  that  the  title  to  the  thing  paid  for  shall  remain  with 
the  seller  until  the  final  partial  payment  is  made. 


CHAPTER  IV 

ANALYSIS  OF  PROBLEM  OF  INVESTMENT  (CONTINUED 
FROM  CHAPTER  II) 

ANNUAL  DEPRECIATION  COST 

401.  It  will  be  recalled  that  in  the  general  example  in  chap,  ii 
there  was  an  opportunity  to  invest  $4000  in  furnishings  which 
could  be  sold  4  yr.  later  for  S1600;  and  the  tabular  statement 
entitled  "Calculation  of  yield "  contained  the  following : 

First  cost  of  furnishings  (capital  invested) $4000 

Salvage  value  (capital  recovered) 1600 

Total  depreciation 2400 

Annual  depreciation  cost  240^^ 1600 

It  was  anticipated  that  $2400  of  the  original  capital,  $4000, 
would  be  consumed  or  converted  into  service,  by  the  end  of  the 
4  yr.  Good  business  practice,  founded  on  common  sense, 
requires  that  this  shrinkage  or  total  depreciation  in  the  capital 
be  made  good  out  of  income  from  service. 

Placing  in  a  safe  deposit  box  $600  of  the  income  each  year 
would  of  course  pile  up  the  $2400  needful  to  make  good  the  total 
depreciation.  However,  common  sense  dictates  that  the  $2400 
be  accumulated  in  a  depreciation  fund  (a  sinking  fund  established 
to  accumulate  a  sum  equal  to  the  total  depreciation) .  The  annual 
deposit  required  for  this  depreciation  fund  is  the  true  annual 
depreciation  cost.  If  we  assume  that  the  deposits  draw  4% 
the  true  annual  depreciation  cost  is  2400  X  0.2355  =  $565.30. 
(The  0.2355  is  taken  from  Table  E — consult  Index — under 
*'4%"  and  opposite ''4.") 

402.  The  error  in  the  approximate  depreciation  cost  is  thus  600  — 
565.30  =  $34.70.  The  relative  error  is  34.7^^5  3^  =  0.06,  or  6%. 
The  relative  error  is  greater  the  longer  the  period.  For  instance,  for 
a  10  yr.  service  the  true  depreciation  cost  would  be  2400  X  0.0833  = 
$199.92.  The  approximate  depreciation  cost  would  be  240 %q  =  $240; 
and  the  relative  error  in  this  is  (240  -  199.92)/199.92  =  0.2,  or  20%. 
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403.  Annual  depreciation  cost  must  not  be  confused  with  the  annual 
depreciation  in  the  value  of  the  furnishings,  which  probably  is  not 
uniform  from  year  to  year.  The  annual  depreciation  cost  is  a  function 
of  the  sum  of  the  yearly  depreciations  in  the  furnishings,  whereas  the 
annual  depreciation  in  the  furnishings  is  a  function  of  the  circumstances. 
However,  both  annual  depreciation  cost  and  annual  depreciation  of 
structure  (e.g.,  furnishings)  are  often  referred  to  by  the  single  word 
"depreciation."  Depreciation  in  value  of  structure  is  given  attention 
in  chap.  xvii. 

404.  We  have  imagined  a  sinking  fund  as  established  for  the  purpose 
of  making  good  the  depreciation  in  the  cash  value  of  the  furnishings 
during  the  4  yr.  service;  and  accordingly  have  called  it  a  "depre- 
ciation fund."  If  the  capital,  S4000,  had  been  borrowed  for  this 
enterprise,  the  sinking  fund  might  have  been  as  appropriately  considered 
as  providing  the  $2400  to  help  pay,  or  amortize,  the  $4000  debt;  and 
have  been  called,  in  consequence,  an  ''amortization  fund."  Thus  the 
terms  'depreciation"  and  "amortization,"  as  applied  to  costs  or  funds, 
are  often  used  interchangeably. 

405.  By  way  of  preparation  for  further  discussion  of  deprecia- 
tion cost  certain  terms  should  be  defined.  If  for  estimating 
purposes  we  imagine  a  series  of  like  structures,  one  taking  the 
place  of  another  as  that  other  wears  out,  we  call  the  first  of 
the  series  original  structure,  the  second  of  the  series  we  call  the 
first  renewal,  the  third  we  call  the  second  renewal,  and  so  on; 
and  this  is  so  whether  or  not  the  first  structure  of  the  imagined 
series  is  considered  as  following  an  actual  worn-out  structure 
or  series  of  actual  worn-out  structures.  Thus,  in  the  following 
pages,  original  structure  is  the  term  applied  to  the  first  of  a 
particular  series  of  structures  held  in  mind  at  one  time  for 
estimating  purposes.  Original  life  is  the  life  of  such  original 
structure;  original  cost  and  original  salvage  value  are  respectively 
the  cost  and  salvage  value  of  such  original  structure.  Renewal 
life,  renewal  cost,  and  renewal  salvage  value  are  respectively  the 
life,  cost,  and  salvage  value  of  a  renewal.  In  the  following  pages 
the  several  lives  of  a  structure  are  assumed  to  be  of  equal  length. 
When  an  old  or  worn  structure  is  superseded  by  a  new  structure 
of  the  same  type,  material,  and  capacity,  the  old  structure  is  said 
to  be  renewed  and  the  new  structure  is  called  a  renewal,  as 
stated  above.  When  a  structure  of  some  age,  whether  worn  out 
or  not,  is  superseded  by  a  new  structure  which  differs  from  the  old 
in  type,  material,  or  capacity,  the  old  structure  is  said  to  be 
replaced,  and  the  new  structure  is  called  a  replacement. 
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406.  During  the  years  of  service  of  any  individual  structure, 
the  annual  depreciation  cost  is  of  course  uniform;  and  it  is 
uniform,  also,  during  any  period  of  service  which  covers  an 
original  Ufe  and  any  number  of  renewal  Hves,  provided  the  ele- 
ments of  this  cost  remain  constant  from  life  to  life — and,  for 
comparative  purposes,  this  is  usually  assumed  to  be  the  case. 

But  there  are  numerous  cases  in  which  annual  depreciation 
cost  is  not  uniform  over  the  whole  period  of  service  considered. 
For  example,  suppose  a  service  is  planned  for  8  yr.,  requiring 
a  structure  the  life  of  which  is  only  3  yr.  The  original  structure 
will  be  followed  by  two  renewals,  but  the  second  renewal  will 
serve  only  2  yr.  If  C  be  the  first  cost  of  each  structure;  Cs  the 
salvage  value  at  the  end  of  3  yr.;  and  C2  be  the  salvage  value  at 
age  of  2  yr. ;  and  if  ds  and  d2  be  the  annual  deposits  required  to 
accumulate  $1  in  3  and  2  yr.  respectively;  then  the  depreciation 
cost  each  year  of  the  first  six  will  be  D3  =  (C  —  C3)ds;  and  each 
year  of  the  last  two,  D2  =  (C  —  C'2)d2. 

In  such  cases,  it  is  necessary,  for  comparative  purposes,  to 
calculate  and  use  a  hypothetical  equivalent  uniform  annual  depre- 
ciation cost,  D. 

407.  In  Fig.  407,  D  is  shown  calculated  by  two  different  processes. 
In  the  upper  half  of  the  schedule,  D  is  the  result  of  discounting  the  three 
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total  depreciations,  (C  —  C3),  (C  —  Cz),  {C  —  C2)  to  the  initial  date  of 
the  service,  and  multiplying  the  sum  of  the  results  by  the  forward- 
spreading  factor  as.  In  the  lower  half,  D  is  found  by  discounting  the 
D3  series  and  the  D2  series  to  the  initial  date,  and  multiplying  the  sum  of 
the  results  by  Og- 

The  two  processes  give  the  same  result,  of  course,  because  the  D3 
series  and  the  D-z  series  are  the  equivalent  of  the  series  (C  —  C3),  (C  — 
Cz),{C-C,). 

The  latter  process  is  the  shorter  if  two  or  more  whole  lives  precede  the 
fractional  life;  and  the  formulas  for  this  process  are  given  in  Table  VII 
(consult  Index). 

ANNUAL  OPERATION  COST 

408.  All  elements  of  service  cost,  except  depreciation,  are 
in  this  analysis  included  under  operation  cost.  Cost  of  main- 
tenance is  therefore  a  part  of  the  operation  cost. 

Operation  cost  usually  varies  more  or  less — sometimes  widely — 
from  year  to  year.  The  only  one  sum  then  that  can  be  called  the 
annual  operation  cost  over  a  series  of  years  is  the  hypothetical 
equivalent  uniform  annual  operation  cost,  which  is  found  by  reduc- 
ing the  series  of  actual  annual  costs  to  a  convenient  date,  and 
distributing  the  sum  of  the  results  uniformly  over  the  whole 
period.  The  formulas  for  these  calculations  are  given  in  Table 
VII. 

409.  It  is  often  the  case  that  the  computer  may  consistently  Use  the 
average,  instead  of  the  equivalent  uniform,  annual  operation  cost;  as 
when  the  period  of  service  is  short,  or  the  actual  annual  costs  are  nearly 
uniform. 

410.  A  general  analysis  of  annual  operation  cost  will  be  found 
in  chap.  v. 

INTEREST  ON  CAPITAL 

411.  If  in  the  general  example  of  chap.  11  it  had  been  stated 
that  the  $4000  had  been  borrowed,  there  would  have  been  the 
necessity  of  paying  the  interest  each  year,  and  interest  may  very 
well  be  considered  to  be  a  part  of  the  cost  of  service.  Some 
manufacturers  reckon  this  interest  as  a  part  of  service  cost;  and 
others  deduct  it  from  yield  and  call  the  remainder  ''profit.'* 
We  have  adopted  the  latter  procedure.  When  interest  is  counted 
a  part  of  service  cost,  the  word  ''profit"  should  replace  the  word 
"yield"  in  our  analysis  diagrams. 
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412.  As  to  interest  on  capital  invested  in  an  enterprise,  it  really 
makes  no  difference  whether  we  are  indebted  for  the  capital  to  some 
third  person  or  to  our  own  pockets :  the  annual  interest  on  the  capital  is 
in  either  case  a  part  of  the  cost  of  conducting  the  enterprise. 

INCOME 

413.  Like  operation  cost,  income  from  enterprise  is  likely  to 
be  irregular,  no  two  years  just  the  same.  Consequently,  when 
making  comparisons  which  involve  the  incomes  for  a  series  of 
years,  it  may  be  necessary  to  use  the  hypothetical  equivalent 
uniform  annual  income.  The  calculations  involved  are  the  same 
as  those  indicated  under  Operation  Cost. 

SUMMARY  OF  ANALYSIS 

414.  In  the  foregoing  discussion  of  analysis  and  choice  of 
investment  opportunity,  many  points  have  been  presented  in 
considerable  detail  for  the  benefit  of  the  reader  who  has  heretofore 
given  investment  no  consideration.  The  minor  details,  having 
helped  to  make  clear  the  major  points,  have  served  their  purpose 
and  need  be  considered  no  further. 

The  major  points — the  principles  and  definitions  which  suffice 
for  guidance  in  carrying  the  analysis  of  any  practical  problem 
of  investment  choice  to  the  point  reached  by  the  diagram, 
Fig.  414,  and  in  solving  the  problem — are,  with  details  omitted, 
here  restated* 

1.  To  choose  intelligently  between  two  given  opportunities 
for  placing  capital  is  to  compare  the  one  with  the  other,  with  an 
eye  to  the  purpose  of  placing  the  capital. 

2.  To  compare  two  opportunities  is  to  compare  them  quality 
by  quality,  taking  into  account  only  those  qualities  that  affect 
choice. 

3.  To  compare,  quality  by  quahty,  requires  analysis  and  a 
reduction  of  data  to  comparable  form. 

4.  To  analyze  a  problem  is  to  separate  it  into  its  elements, 
and  ascertain  how  the  elements  are  related  to  one  another. 

5.  To  solve  the  problem  is  to  recombine  its  elements  by 
processes  indicated  by  the  ascertained  relations. 

6.  All  of  the  qualities  that  influence  choice  of  opportunity  fall 
into  two  mutually  exclusive  classes:  (a)  reducible  data,  and  (6) 
irreducible  data. 
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7.  The  diagram  (Fig.  414)   and  Table  VII   (consult  Index) 
indicate  the  method  of  reducing  the  reducible  data. 

8.  With  the  following  notation: 


Opportunity 


I.. 
II. 


Capital  InvEgTED 

c 


Yield 

Y 
Y  +  Y' 


the  rule  for  the  interpretation  of  the  resultant  of  all  reducible 
data  may  be  stated  as  follows: 

(a)  If  the  yield  per  cent,  lOOY'/C,  is  satisfactory,  the  reducible 
data  favor  II. 

(6)  If  the  100  rye  is  not  satisfactory,  the  reducible  data  favor 
opportunity  I. 

Thus  opportunity  I  is  positively  favored  if  F'  is  either  zero  or  nega- 
tive; and  may  or  may  not  be  favored  if  7'  is  positive. 

9.  A  reasonable  choice  between  two  opportunities  of  invest- 
ment is  based  on  a  joint  consideration  of  (1)  the  resultant  of  the 
reducible  data  and  (2)  all  of  the  irreducible  data. 


Choice  of 
investment 
(based  on:) 


Yield 
(opportunity  I) 


Income 


(-) 


Service  cost 
(Table  VII) 


Depreciation 
(Table  VII) 

(+) 


'  First  cost  r 
(capital  \ 
invested)  '^ 
Salvage    f 


value 
Life 


Operation 
(Table  VII) 


{; 


(: 


Yield  (  (Same  subdivisions  as  for  opportunity  I, 

(opportunity  II)  I      above.) 


>  Irreducible  data  i  .  . .  . 


Fig.  414. — Analysis  of  problem  of  investment  choice. 

REVIEW  AND  PREVIEW 

415.  We  have  now  traversed  one  field  of  the  entire  ground 
of  the  problem  of  investment  choice.  At  the  end  of  each 
segment  of  our  path  we  have  sought  the  known  and  found 
instead  two  or  more  diverging  paths  which  we  must  follow  in 
our  search. 
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The  diagram,  Fig.  414,  is  the  chart  of  the  paths  so  far  traversed. 
Since  leaving  the  point  of  entrance  into  the  field,  we  have  been 
surrounded  by  the  details  of  the  way;  but  now  we  have  reached  a 
point  from  which  an  unobstructed  general  view  of  the  entire 
ground  can  be  obtained;  and,  like  all  prudent  travelers  similarly 
situated,  we  stop  to  orient  ourselves,  that  we  may  continue  the 
exploration  with  some  degree  of  foresight.  And  to  supplement 
our  own  native  penetration,  we  make  use  of  such  general  informa- 
tion, concerning  the  fields  we  have  yet  to  traverse,  as  has  come  to 
us  from  those  who  have  been  there. 

1.  If  income,  first  cost,  salvage  value,  life,  and  operation  cost 
are  known,  we  need  go  no  farther  forward,  but  can  at  once 
retrace  our  steps  by  reducing  these  elements  to  yield. 

This  field,  over  which  we  have  passed  in  search  of  the  known 
and  over  which  we  repass  in  converting  known  elements  into 
yield,  may  be  called  the  arithmetic  of  investment.  The  work  of 
calculating  yield  from  numerical  values  of  the  elements  named 
above  is  characterized  by  the  fact  that  its  intelligent  performance 
requires  a  knowledge  of  arithmetic  rather  than  the  exercise  of 
judgment  based  on  an  understanding  of  construction,  production, 
distribution,  or  financing. 

The  fundamentals  of  the  arithmetic  of  investment  are  given  in 
the  Summary  above. 

2.  If  income,  first  cost,  etc. — the  named  elements  of  yield — 
be  unknown,  we  must  analyze  each  of  them.  These  elements 
are  points  at  which  the  paths  so  far  traveled  branch  into  un- 
traveled  paths  all  of  which  penetrate  another  field,  which  we 
may  call  estimating. 

The  characteristic  of  work  in  this  field  is  the  fact  that  its  success- 
ful accomplishment  requires  continual  exercise  of  judgment 
based  on  acquaintance  with  construction  or  production  and 
distribution  (see  chap,  v,  vi,  vii,  viii). 

3.  A  third  field  is  that  of  irreducible  data.  To  succeed  in  this 
field  one  must  have  not  only  more  or  less  knowledge  of  construc- 
tion or  production  and  distribution ;  but  also  some  understanding 
of  the  organization,  control,  and  financing  of  business  units,  and 
of  the  inter-relation  of  the  enterprise  and  the  public,  and  be 
possessed  of  some  power  of  imagination  and  analytic  penetration 
to  discover  the  various  elements  that  affect  probable  financial 
success  (see  chap,  ix,  x,  xi,  xii). 

4.  On  a  still  higher  plane  is  the  work  of  the  remaining  field  of 
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the  ground  covered  by  the  problem.  To  weigh  justly  the  calcu- 
lated yields  and  the  irreducible  data  pertaining  to  two  proposed 
investments,  and  arrive  at  their  correct  resultant — a  reasonable 
decision  as  to  which  of  the  investments  promises  to  be  the  more 
desirable — requires,  besides  imagination  and  analytic  penetra- 
tion, a  spontaneous  feeling  as  to  the  probable  quantitative  effect 
of  all  influential  elements  and  a  nice  sense  of  the  fitness  of  things 
financial. 

This,  which  may  be  called  the  field  of  financial  judgment,  this 
book  does  not  enter. 


r. 


CHAPTER  V 

PRELIMINARY  ANALYSIS  OF  FIRST  COST  AND  OF 
OPERATION  COST 

FIRST  COST 

601.  The  practical  analysis  of  first  cost  leads  us  into  a  multi- 
tude of  details,  many  of  which  are  of  like  nature  but  differently 
related.  It  seems  desirable  therefore  to  make  a  preliminary 
analysis  based  on  the  nature  of  the  items  rather  than  on  their 
relations  or  immediate  purposes.  Such  an  analysis  should  result 
in  a  small  number  of  mutually  exclusive  classes,  to  some  one 
of  which  every  possible  ultimate  item  of  expense  may  be  appro- 
priately assigned. 

602.  We  learn  from  the  economists  that  there  are  three  factors 
of  production :  land,  labor,  capital.  The  cost  of  producing  a  thing, 
ready  for  service,  is  therefore  the  sum  of  the  three  costs :  cost  of 
land,  cost  of  labor,  cost  of  capital.  This  is  so  far  satisfactory; 
but  when  we  undertake  to  analyze  each  of  these  three  costs  we 
find  that  the  resulting  subdivisions  do  not  answer  the  present 
purpose. 

603.  From  §107  we  get  the  suggestion  for  another  classification 
of  the  ultimate  elements  of  first  cost.  This  classification,  indi- 
cated in  the  diagram,  Fig.  503,  is  often  more  or  less  closely  followed 
when  compiling  the  elements  of  cost  of  an  enterprise  from  its 
inception  to  its  materialization  ready  for  service. 

Investigation  cost 

(  +  ) 
Organization  cost 
First  cost  <((-{-) 

Capitalization  cost 

(+) 
I  Creation  cost 

Fig.  503. — Analysis  of  first  cost. 

In  many  cases  one  or  more  of  these  classes  of  costs  are  negligible  or 
zero.  For  instance,  if  a  man  builds  his  factory  with  his  own  funds, 
capitalization  cost  will  be  nothing. 

44 
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It  will  be  found  on  analyzing  each  of  these  four  classes,  that 
for  the  most  part  the  ultimate  items  in  each  class  are  in 
character  very  much  the  same  as  the  ultimate  items  in  each  of 
the  other  three  classes;  and  for  this  reason  this  classification  of 
first  cost  items  does  not  suit  the  present  purpose. 

504.  A  classification  that  seems  to  meet  fairly  well  the  specifica- 
tions of  §501,  with  which  we  set  out,  is  given  in  Fig.  504. 

Labor 
(+) 
Material  things 

(+) 
Transportation 
First  cost  \      (+) 

Rights,  rents,  taxes,  insurance 

Interest 

(+) 
Contingencies 

Fig.  504. — Analysis  of  first  cost. 

Let  us  consider  each  of  the  six  classes  in  some  detail. 

505.  It  is  intended  to  include  under  labor  all  expenditures  for 
labor  of  all  kinds,  mental  as  well  as  physical.  Therefore  for 
the  present  purpose  the  cost  of  labor  will  be  considered  to  include 
the  cost  of  the  work  of  the  expert  and  of  the  professional  man  as 
well  as  of  the  skilled  and  the  unskilled  laborer  The  cost  of  labor 
of  domestic  animals  which  are  hired  or  rented  is  also  included 
here. 

Labor  is  purchased  by  wages,  hire,  salaries,  fees,  commissions, 
brokerage,  premiums,  profits,  percentage,  or  lump  sum  (see 
also  §628). 

Wages  are  paid  for  skilled  and  unskilled  labor,  including  the 
work  of  foremen,  according  to  the  number  of  hours  on  duty. 

Hire  or  rent  is  paid  for  the  labor  of  hired  domestic  animals, 
and  will  or  will  not  vary  with  the  amount  of  labor  performed, 
according  to  .the  time  unit  in  the  hiring  agreement. 

Salaries  are  paid  to  officials,  professional  assistants,  super- 
intendents, draftsmen,  bookkeepers,  timekeepers,  storekeepers, 
and  clerks. 

Fees  and  commissions  are  paid  for  such  services  of  architects, 
doctors,  engineers,  lawyers,  real-estate  appraisers,  and  other 
experts,  as  are  not  coverj&d  by  salaries. 
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Commissions  or  brokerage  or  premiums  may  be  paid  for  the 
work  of  obtaining  the  capital  needful  to  meet  first  cost. 

The  profit,  percentage,  or  lump  sum,  which  comes  to  a  con- 
tractor as  a  result  of  fulfilling  the  terms  of  a  contract,  includes  the 
recompense  for  his  labor. 

Any  condition  which  lengthens  the  period  of  creation  of  a 
structure  increases  the  sum  paid  for  salaries,  and,  usually,  also 
the  sum  paid  for  wages  and  construction  plant. 

For  example,  laying  new  rails  on  an  operating  track  is  comparatively 
expensive  because  of  the  time  lost  by  men  and  plant,  due  to  passing 
trains.  Again,  in  erecting  a  trestle  for  a  railroad  not  yet  in  operation, 
the  time  of  men  and  forces  may  be  devoted  continuously  to  carrying 
the  work  forward;  whereas  if  the  trestle  is  being  built  for  a  track  in 
operation,  a  considerable  part  of  their  time  may  be  given  over  to  tempo- 
rary work  for  the  safe  passage  of  trains  and  to  undoing  the  temporary 
work  to  make  ready  for  continuing  the  work  of  construction  proper. 

606.  In  the  sub-class  material  things  is  included  real  estate, 
materials,  manufactured  parts,  supphes,  and  domestic  animals. 
If  the  lands  or  real  estate  required  for  the  site  and  operation  of  the 
structure  is  bought  outright,  the  price  paid  is  a  part  of  the  first 
cost  of  the  structure.  If  existing  improvements  are  bought  with 
the  land  the  price  of  the  improvements  is  added  to  that  of  the 
land,  whether  or  not  the  improvements  can  be  used  for  the 
purpose  in  hand.  Under  materials  come  all  materials  whatsoever 
of  which  the  structure  is  composed,  all  materials  which  are  used 
temporarily  in  the  work  of  construction  (for  example,  scaffolding), 
and  all  materials  which  are  used  in  any  necessary  preliminary 
work  (such  as  preparing  the  site  of  the  structure).  Machines, 
tools,  devices,  articles  of  furniture,  and  the  like,  which  are  bought 
ready  made  and  installed  either  as  aids  to  creation  or  as  component 
parts  of  the  structure,  are  embraced  by  the  term  manufactured 
parts.  Under  the  head  supplies,  are  included  those  materials 
or  things  which  are  used  up  or  consumed  in  furtherance  of  the 
creation  of  the  structure;  as,  for  example,  water,  oil,  fuel,  power, 
stationery  and  other  office  supplies,  etc.  Horses,  mules,  and 
other  domestic  animals  are  sometimes  bought  outright  for  use 
in  the  work  of  creating  a  structure. 

In  the  case  of  real  estate,  materials,  manufactured  parts, 
and  domestic  animals  employed  in  the  work  of  creating  the 
structure  and  not  used  up,  the  salvage  value  of  such  after  use 
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should  be  deducted  from  their  cost;  and  their  depreciation  cost, 
only,  entered  as  a  part  of  first  cost  of  structure. 

507.  Expenditures  may  be  incurred  for  the  transportation  of 
men,  domestic  animals,  materials,  supplies,  manufactured  parts, 
messages,  etc.  Cost  of  transportation  is  dependent  firstly  on  the 
distance  over  which  the  thing  is  transported,  and  secondly  on 
the  character  of  available  transportation  facilities — whether  water, 
rail,  street,  highway,  mountain  road  or  trail,  or  a  combination 
of  two  or  more  of  these.  A  short  trail  may  equal  a  long  railroad 
in  the  matter  of  exacting  transportation  charges. 

One  reason  for  the  use  of  wood  for  original  trestles  and  bridges  and 
the  later  use  of  steel  for  replacements,  on  railroads  traversing  timbered 
regions,  lies  in  the  change  in  transportation  facilities  brought  about  by 
opening  the  railroad. 

Cost  of  transportation  is  not  infrequently  a  deciding  factor  in 
the  choice  of  structure  for  a  proposed  service,  or  in  the  choice  of 
design  or  material,  or  of  both,  for  a  given  structure. 

508.  Included  in  rights  are  royalties  on  patented  articles  and 
processes,  cost  of  charters,  franchises,  permits,  licenses,  rights  of 
way  over  land,  etc.  Rents  are  paid  for  the  use  of  grounds  and 
existing  structures  such  as  offices,  storage  buildings,  etc.,  and  for 
leased  construction  plants,  etc.  Rental  covers  interest,  taxes, 
insurance,  depreciation,  and  profits,  pertaining  to  the  thing 
rented.  The  rental  per  day  or  per  month  is  likely  to  be  higher 
for  a  shorter  than  for  a  longer  renting  period.  Taxes,  including 
assessments,  may  be  levied  on  the  structure  or  parts  thereof 
before  the  beginning  of  operation.  Yearly  taxes  vary  with  time 
and  place,  from  less  than  3^%  to  more  than  13^%  of  the  first 
cost  of  the  structure.  Precise  data  for  computing  taxes  in  the 
locality  of  the  proposed  structure  may  be  obtained  from  the  tax 
officers  therein. 

Premiums  are  paid  for  fire,  casualty,  fidelity,  marine,  title, 
employer's  Uability,  and  other  insurance.  In  some,  states  the 
employer  is  subject  to  special  laws  relating  to  employer's  liabihty. 

It  is  reasonable  that  a  contractor  be  insured  against  risk  of  loss. 
If  the  work  of  construction  is  executed  under  the  most  common 
form  of  contract,  the  contractor  risks  his  own  labor  and  a  part 
of  his  capital  as  well,  for  the  cash  cost  of  executing  the  work 
under  his  contract  may  turn  out  to  be  equal  to  or  even  greater 
than  the  sum  received  under  the  contract.     Because  of  this  risk 
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and  to  cover  it  the  contractor  habitually  increases  his  estimate 
under  the  head  of  either  contingencies  or  profit  by  some  percentage 
fixed  by  judgment;  and  such  increase,  if  reasonable,  is  properly 
part  of  first  cost. 

Similarly,  those  who  buy  bonds  which  are  issued  to  finance 
the  construction  of  a  structure,  or  those  who  contract  to  dispose 
of  such  bonds  at  a  fixed  price,  run  some  risk  of  loss,  and  the  issuers 
of  the  bonds  pay  insurance  under  the  name  of  ''bond  discount." 
If  such  bonds  are  secured  by  a  mortgage  or  other  security  which 
lacks  nothing  that  the  enterprise  can  reasonably  give,  and  if 
further  such  bonds  bear  a  rate  of  interest  equal  to  that  obtainable 
at  the  time  of  sale,  such  time  being  reasonably  well  chosen,  on 
first-class  commercial  long-time  securities,  then  the  discount  at 
such  time  of  sale,  if  the  sale  is  prudently  made,  is  a  proper  charge 
for  the  insurance. 

Good  public  policy  requires  that  discount  on  bonds  be  treated  in 
accounting  as  coordinate  with,  rather  than  subordinate  to,  first  cost  of 
structure,  and  accordingly  that  records  of  interest  on,  and  amortization 
of,  discount  be  kept  coordinately  with  records  of  interest  on  and  amorti- 
zation of  first  cost.  By  this  segregation  fooHsh  or  fraudulent  discounts 
are  more  likely  to  be  recognized,  and  thus  prevented;  and  in  any  case  all 
interested  parties  are  continually  reminded  of  the  price  being  paid  for  a 
deficiency  in  financial  standing. 

509.  Any  interest  which  at  start  of  operation  has  accrued 
on  capital  tied  up  during  the  period  of  creation,  is  properly  a  part 
of  the  first  cost  of  the  structure.  The  interest  on  each  payment 
on  first  cost  of  structure  should  be  computed  not  for  the  interval 
between  the  date  of  payment  and  the  earliest  practicable  date  of 
operation,  but  for  the  interval  between  the  date  of  first  having  the 
money  on  hand  and  the  earliest  practicable  date  of  operation. 

Reasons  for  this  rule'are  as  follows:  The  money  to  meet  each  payment 
on  account  of  first  cost  must  be  on  hand  when  the  payment  falls  due. 
To  have  money  on  hand  it  must  be  withdrawn  from  the  owner's  other 
investments  or  borrowed.  To  withdraw  or  borrow  a  large  sum  of 
money  requires  time;  and  the  owner  must  estimate  the  due  date  of  each 
major  payment  and  estimate  the  time  it  will  take  him  to  withdraw  or 
borrow  the  money  to  meet  the  payment.  Prudence  requires  that  he 
adopt  an  early  due  date  and  allow  a  generous  time  for  withdrawing  or 
borrowing  the  money,  for  it  is  an  act  of  common  sense  to  provide  against 
a  conjunction  of  unfavorable  circumstances;  but  since  it  is  only  in  the 
exceptional  case  that  all  the  circumstances  turn  out  to  be  unfavorable, 
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the  exercise  of  prudence  will,  in  the  great  majority  of  cases,  result  in 
having  the  money  to  meet  the  payment  on  hand  a  considerable  time 
before  it  is  paid  out. 

To  make  a  separate  withdrawal  or  borrowing  to  meet  each  minor 
payment  is  impracticable.  Consequently  to  meet  the  minor  payments 
expected  to  fall  due  within  the  next  month  or  so,  one  withdrawal  or 
borrowing  is  made  and  the  money  kept  on  hand  to  be  paid  out  little  by 
little. 

Again,  circumstances  may  virtually  require  that  the  entire  capital 
for  the  cost  of  construction  be  on  hand  before  the  beginning  of  con- 
struction. If  money  is  to  be  obtained  from  the  sale  of  bonds,  prudence 
may  dictate  that  the  bonds  be  offered  for  sale  some  time  in  advance  of 
the  need  for  the  money,  owing  to  a  favorable  condition  of  the  bond 
market. 

While  the  money  is  thus  held  on  hand  the  owner  is  foregoing  the 
interest  on  it  if  it  has  been  obtained  by  withdrawal,  or  is  paying  interest 
for  it  if  it  has  been  borrowed  or  obtained  from  the  sale  of  bonds;  and  in 
any  case  the  interest  is  properly  a  part  of  the  first  cost  of  structure, 
provided  that  in  case  the  money  is  obtained  by  withdrawal  the  interest 
rate  should  be  no  higher  than  that  at  which  the  money  could  be  bor- 
rowed. For  example,  suppose  that  A  withdraws  $10,000  from  other 
investments,  paying  him  10%,  to  meet  a  payment  on  first  cost  of  a 
structure,  and  that  he  could  have  borrowed  the  money  readily  at  8  %. 
The  interest  on  this  sum  from  the  date  of  withdrawal  to  the  first 
practicable  date  of  operating  the  structure  should  be  computed  at 
8%,  not  10%,  because  the  use  of  10%  money  when  8%  money  is  to  be 
had  is  foolish,  and  the  wasted  2  %  is  rightly  a  loss  to  the  owner  and  not 
a  legitimate  charge  against  the  structure. 

Sometimes  the  money  held  on  hand  can  be  placed  in  a  safe 
depository  which  will  pay  a  small  rate  of  interest  on  such  check- 
ing accounts;  and  when  such  is  the  case  the  interest  received  from 
the  depository  should  be  deducted  from  the  interest  foregone  or 
paid  by  the  owner  for  the  money  while  on  hand,  and  the  re- 
mainder, only,  entered  as  a  part  of  the  interest  item  of  first  cost. 

For  example,  for  the  purpose  of  making  a  ''betterment,"  a  railroad 
sells  at  par  one  thousand  $1000  bonds,  bearing  5%  interest.  The 
betterment  is  immediately  begun,  and  is  completed  in  1  yr.,  and  the 
money,  lying  in  a  bank  paying  23^  %  interest,  is  checked  out  from  time 
to  time  during  the  year,  a  Httle  at  a  time.  If  the  average  time  during 
which  all  the  money  remains  on  deposit  is  }4  yr-,  the  net  interest, 

1,000,000  x(o.05 '-2~/      $37,500,  is  logically  an  item  of  the  first 

cost  of  the  betterment. 
4 
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Shortening  the  building  period  of  a  structure  tends  to  decrease 
the  interest  element  of  first  cost  not  only  of  that  particular  struc- 
ture but,  more  important  still,  also  of  a  group  of  structures  which 
with  the  particular  structure  constitute  a  structure  of  4iigher 
order. 

For  example,  a  railroad  may  be  constructed  in  1  yr.,  say,  except 
for  a  single  bridge  which  requires  2  yr.  for  completion  by  methods 
which  give  a  minimum  cost  to  the  bridge  itself.  If  all  parts  of  the  work 
are  begun  at  the  same  time,  the  first  cost  of  the  other  portions  will  be 
charged  with  the  interest  lost  or  paid  during  the  extra  year  required 
for  the  building  of  the  bridge.  It  may  therefore  be  wise  to  hasten  the 
construction  of  the  bridge,  even  if  its  first  cost  is  thereby  increased,  in 
order  to  save  a  part  or  all  of  the  1  yr.'s  interest  on  the  money  tied 
up  in  the  remainder  of  the  road.  Similarly,  to  shorten  the  time  of 
construction,  a  long  tunnel  may  be  attacked  through  shafts  as  well  as  at 
both  ends,  the  resulting  increase  in  the  cost  of  the  tunnel  itself  being 
much  more  than  offset  by  the  saving  in  interest  on  capital  tied  up  in  it 
and  in  the  other  parts  of  the  road. 

It  will  occur  to  the  reader  that  interest  on  tied-up  capital  can 
be  reduced  to  a  minimum  by  carrying  on  the  work  with  utmost 
speed  and  so  timing  the  beginning  of  work  on  each  part  of  a 
structure  as  to  bring  all  parts  to  completion  simultaneously. 
For  the  construction  of  each  component  part  of  a  complex  struc- 
ture, there  are  a  beginning  time,  a  method,  and  a  speed  of  con- 
struction which  together  promise  a  minimum  cost  of  construction 
exclusive  of  interest  on  tied-up  capital.  Beginning  earlier, 
employing  a  quicker  method,  or  working  with  greater  speed  will, 
it  is  true,  decrease  the  item  of  interest  on  tied-up  capital,  but  at 
the  same  time  will  increase  some  other  item,  or  items,  of  cost  by 
a  sum  which  may  be  greater  than  the  decrease  in  interest. 

For  example,  the  most  favorable  time  for  erecting  the  steelwork  of  a 
bridge  on  a  railroad  under  construction  is,  as  far  as  the  cost  of  the  steel- 
work itself  is  concerned,  after  the  track  has  been  laid  to  the  site;  for 
then  the  material  and  the  erecting  plant  can  be  brought  to  the  site  by 
rail.  It  is  a  common  practice  to  lay  track  to  each  bridge  in  turn,  and 
use  the  track  for  bringing  up  material  and  plant.  This  method,  of 
course,  delays  track-laying,  because  the  track-laying  beyond  each 
bridge  must  await  the  completion  of  the  bridge;  but  the  eUmination  of 
these  delays  would,  in  many  cases,  increase  the  item  of  transportation 
by  a  sum  greater  than  the  corresponding  saving  thereby  effected  in  the 
item  of  interest  on  tied-up  capital. 
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It  is  for  the  engineer  to  study  each  case,  and  determine  the 
time,  method,  and  speed  of  construction,  which,  taken  together, 
will  give  the  minimum  first  cost  including  interest  on  tied-up 
capital. 

510.  Experience  shows  that  in  listing  the  items  of  cost  which 
together  make  up  the  estimate  of  cost  of  a  structure  or  part  of  a 
structure,  it  not  infrequently  happens  that  one  or  more  of  the 
items  are  omitted  from  the  list  through  oversight  or  ignorance. 
The  more  complex  the  structure  or  the  shorter  the  time  available 
for  making  the  estimate,  the  greater  the  risk  of  overlooking  some 
item.  Even  with  ample  time  and  all  due  care,  the  estimator 
is  likely  to  overlook  some  items,  particularly  some  of  those  which, 
though  numerous,  are  individually  relatively  small.  Such  errors 
of  omission  are  all  negative,  and  the  estimate  of  the  whole  will  be 
too  small  by  the  arithmetical  sum  of  the  items  omitted. 

The  estimator  bases  his  quantities  and  unit  prices  upon  a  set 
of  conditions  which  in  his  opinion  will  obtain  during  the  prepara- 
tion for  and  building  of  the  structure.  The  actual  conditions 
are  likely  to  differ  from  those  foretold,  more  or  less — more  if  the 
forecast  be  long  Unforeseen  adverse  conditions  will  introduce 
unforeseen  items  of  cost,  or  increase  the  costs  of  some  items, 
through  an  increase  in  either  quantities  or  unit  prices.  If 
conditions  prove  to  be  better  than  anticipated  the  cost  will,  of 
course,  be  favorably  affected. 

There  is,  then,  for  one  good  reason  or  another,  a  likelihood  that 
there  will  be  some  deficiency  in  any  normal  estimate.  To  cancel 
this  deficiency,  there  is  usually  added  to  the  normal  estimate 
of  cost  an  arbitrary  item  called  contingencies. 

The  sum  to  be  allotted  to  this  item,  contingencies,  is  usually 
found  by  taking  some  percentage  of  the  normal  estimate.  The 
percentage  taken  depends  on  circumstances  under  which  the 
normal  estimate  is  made,  the  character  of  the  item  or  class  of 
items  estimated,  the  general  degree  of  stability  of  the  conditions 
of  weather,  labor,  and  materials  market,  and  the  judgment  of  the 
estimator. 

Sometimes  a  contingent  sum  is  added  to  one  or  more  of  the 
subtotals  of  the  normal  estimate;  sometimes  a  contingent  sum  is 
added  only  to  the  sum  of  the  normal  subtotals;  and  often  the  two 
methods  are  combined. 

It  is  reasonable  to  apply  the  contingency  item  to  the  subtotals 
in  all  cases  in  which  the  percentage  applicable  is  materially 
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different  for  the  different  subtotals.  For  example,  an  estimate 
of  cost  of  labor  is  usually  much  more  uncertain  than  an  estimate 
of  cost  of  material,  so  that  while  the  item,  contingencies,  is  set 
in  a  given  case  at  5%  of  the  normal  estimate  of  cost  of 
materials,  it  might  reasonably  be  set  as  high  as  15%  of  the  normal 
estimate  of  the  cost  of  labor. 

Applying  the  corrective  item  to  each  subtotal  does  not  preclude 
the  appHcation  of  a  contingency  item  to  the  sum  of  subtotals, 
provided  the  contingency  item  for  the  whole  has  a  basis  not 
considered  in  the  contingencies  for  the  subtotal. 

It  is  reasonable  that  the  percentage  for  contingencies  should 
be  relatively  great  in  an  estimate  of  cost  of  work  which  may  be 
materially  affected  by  bad  weather,  underground  water,  flood, 
slides,  or  delays,  or  by  the  necessity  of  guarding  against  interrup- 
tion of  operating  a  neighboring  structure. 

From  the  foregoing,  we  see  that  contingencies  is  a  sum  added 
to  the  total  of  all  other  items  of  an  estimate  of  a  part  or  whole  to 
supply  any  deficiency  in  that  total. 

511.  The  diagram,  Fig.  511,  gives  a  convenient  summary  of  the 
preceding  discussion: 


First  cost  { 


Labor 


(+) 


Material  things 


[  Wages,  hire,  salaries,  fees,  commissions 
<  brokerage,  premiums,  profits,  percentage, 
[      lump  sum. 

/  Real  estate,  materials,  manufactured  parts, 
\      supplies,  domestic  animals. 

Steam  railway,  electric  railway,  highway, 
water,  aerial,  trail,  pipe-line,  telegraph, 
telephone. 


Royalties,  charters,  franchises,  permits, 
licenses,  rights  of  way,  rents,  taxes,  insur- 
ance. 

(+) 
Interest 

(+) 
Contingencies 

Fig.  511. — Preliminary  analysis  of  first  cost. 


512.  Before  leaving  the  subject  of  first  cost,  the  following  two 
important  principles  pertaining  to  it  should  be  considered: 

1.  The  first  cost  of  a  given  structure  includes  such  expendi- 
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tures  on,  and  for,  other  structures  (either  imagined  or  real)  as 
are  necessitated  by  selecting  and  building  (or  buying  and  install- 
ing) the  given  structure. 

This  principle  is  illustrated  by  the  following  examples : 

(o)  A  small  waterway  is  required  under  a  highway.  Field  obser- 
vations are  made  and  studied  for  the  purpose  of  gathering  data  upon 
which  the  size  of  the  required  opening  should  be  based,  and  the  cross- 
sectional  area  of  the  opening  is  determined.  Then  data  on  pipes  and 
culverts  must  be  collected.  Let  us  assume  that  3  sq.  ft.  is  the  area  of 
the  required  opening.  For  this  a  24  in.  pipe  will  do.  There  are  differ- 
ent kinds  of  pipe:  iron,  steel  (plain  or  corrugated),  terra  cotta,  etc.  To 
select  an  economical  pipe  requires  a  knowledge  of  the  strength,  dur- 
ability, and  availability,  of  the  cost  F.O.B.,  and  of  the  cost  of  trans- 
portation of  each  variety  of  pipe.  Also  there  are  arch-  and  box-culverts 
of  wood,  brick,  stone,  concrete,  etc.  The  monetary  and  other  advan- 
tages and  disadvantages  of  each  type  and  of  each  kind  of  material  must  be 
considered.  Finally,  let  us  say,  a  stone  box-culvert  is  selected  as  being 
on  the  whole  the  most  economical.  Detailed  working  plans  must  be 
made  for  the  box-culvert.  If  the  box  be  built  all  the  expense  incurred  in 
studying  all  the  rejected  structures  as  well  as  the  work  on  the  stone 
box-culvert  itself,  must  be  included  in  the  first  cost  of  the  box-culvert. 

(6)  Clearing  the  site  of  a  proposed  structure  may  involve  the  bodily 
or  piecemeal  removal  of  an  existing  structure.  The  cost  of  this  removal 
is  a  part  of  the  first  cost  of  the  new  structure. 

(c)  The  construction  of  the  foundation  of  a  proposed  building  may 
necessitate  strengthening  the  foundation  of  an  adjacent  building. 
The  cost  of  such  strengthening  is  part  of  the  first  cost  of  the  proposed 
building. 

(d)  When  a  highway  bridge  is  worn  out,  the  building  of  its  successor 
may  call  for  the  construction  of  a  temporary  road  around  the  site  of  the 
bridge.  For  this  temporary  road  there  may  be  required  a  right  of  way 
over  private  lands,  some  grading,  and  a  temporary  bridge  over  the 
stream;  and  the  cost  of  all  these  is  a  part  of  the  first  cost  of  the  new 
highway  bridge. 

2.  Whatever  is  necessary  to  any  step  in  the  creation  of  a 
structure  is  an  item  of  first  cost  of  the  structure,  whether  it  be 
obtained  from  the  owner  or  from  an  outside  party;  and  any  pay- 
ment which  would  be  properly  a  part  of  the  first  cost  of  the  struc- 
ture, if  made  to  a  party  having  no  interest  therein,  is  no  less  a  part 
of  said  first  cost  if  made  to  a  party  having  interest  therein. 

A  few  examples  will  make  this  clear. 
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(a)  If  an  architect  designs  his  own  house,  the  architect's  commission, 
computed  as  for  a  cUent,  is  not  improperly  considered  a  part  of  the  first 
cost  of  the  house. 

(6)  Hardware  is  an  item  of  the  first  cost  of  a  house.  If  the  owner  of 
the  house  happens  to  be  a  hardware  merchant  and  gets  the  hardware 
from  his  own  store,  the  case  will  not  be  altered ;  and  the  cost  should  be 
computed  on  the  basis  of  prices  charged  others. 

(c)  The  cost  of  railroad  transportation  on  material  for  a  new  bridge 
is  a  part  of  the  first  cost  of  the  bridge,  whether  the  bridge  and  the 
railroad  are  under  one  ownership  or  not. 

OPERATION  COST 

613.  As  the  foregoing  diagram  of  the  preliminary  analysis  of 
first  cost  will  serve  with  slight  modifications  for  operation  cost, 
it  is  expedient  to  consider  the  latter  in  this  place,  by  making  such 
observations  as  appear  to  be  justified,  and  pointing  out  the 
modifications. 

It  is  by  no  accident  that  the  diagram  for  first  cost,  which  includes 
construction  cost,  serves  fairly  well  for  operation  cost.  Construction 
results  from  the  operation  of  a  construction  plant  (see  §614). 

514.  The  probable  supply  of  labor,  common  or  skilled,  is  often 
a  factor  of  great  weight  in  the  choice  of  location  for  a  proposed 
industrial  plant. 

.  Real  estate  and  domestic  animals,  listed  in  the  foregoing 
diagram  under  ''material  things,"  would  not  appear  on  a  diagram 
for  operation  cost. 

While  the  purchase  price  of  real  estate  or  domestic  animals  may  be 
under  some  conceivable  conditions  appropriately  chargeable  to  opera- 
tion, it  is  almost  always  logically  an  element  of  first  cost. 

Under  the  head  of  materials  is  included  all  materials  of  what- 
ever kind  that  are  used  in  repairing  and  other  upkeep  (repainting, 
for  example) ;  but  excluded  are  all  raw  materials  for  those  articles 
which  result  from  the  operation. 

Manufactured  parts  include  machine  parts,  small  tools,  etc., 
that  are  bought  ready  made.  In  some  cases  the  item  "manu- 
factured parts''  is  of  considerable  importance:  relative  conven- 
ience of  obtaining  repair  parts  sometimes  determines  which  of 
two  or  more  makes  of  machine  shall  be  purchased. 

Such  material  things  as  supplies  are  consumed  in  the  further- 
ance of  the  operating  processes,   such  as  fuel,  lubricating  oil. 
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electricity,  stationery.  Fuel  and  electricity  frequently  require 
relatively  large  outlays,  and  are  properly  given  great  weight  in 
choosing  the  location  for  a  proposed  plant. 

515.  Where  fuel  is  a  large  item  of  operation  cost  of  a  proposed 
structure,  the  cost  of  transportation  may  be  the  determining 
factor  in  the  choice  of  kind  of  fuel  or  even  in  the  selection  of  type 
and  location  of  the  structure. 

Because  of  cost  of  transportation  one  community  decides  to  burn 
coal,  another  oil  or  gas,  another  cord  wood. 

516.  As  a  rule,  taxes  are  higher  within  city  limits  than  without, 
and  sometimes  this  fact  leads  to  locating  a  manufacturing  enter- 
prise just  outside  the  city.  Taxes  and  assessments  are  levied 
on  a  structure  when  it  is  idle  as  well  as  when  it  is  operating,  and 
so  in  a  sense  may  be  considered  as  not  one  of  the  costs  of  opera- 
tion, but  rather  as  a  part  of  cost  of  capital,  along  with  deprecia- 
tion. It  has  seemed  convenient,  however,  in  this  preliminary 
analysis  of  operation  cost  to  include  taxes. 

517.  One  of  the  items  often  included  in,  but  here  excluded  from, 
operation  cost  is  the  interest  on  working  capital  which  consists 
of  (1)  cash  on  hand — either  in  the  safe  or  in  the  bank,  (2)  the 
capital  tied  up  in  raw  materials  on  hand,  (3)  the  capital  tied  up  in 
work  in  progress,  and  (4)  the  capital  tied  up  in  finished  work  not 
yet  sold.  (The  money  paid  for  raw  material  to  be  turned  into 
finished  work  by  the  operation  of  the  structure  is  not  here  con- 
sidered a  part  of  the  cost  of  operation,  nor  is  the  interest  on  that 
money  so  considered.)  A  fund  of  cash,  greater  or  less  according 
to  the  characteristics  of  the  business,  must  be  kept  on  hand  to 
meet  all  irregular  and  emergency  bills  and  deficiencies  in  antici- 
pated receipts  caused  by  delayed  collection  of  accounts. 

518.  In  the  formula  for  equivalent  uniform  annual  operation 
cost,  the  actual  annual  cost  is  treated  as  a  sum  paid  or  payable 
at  the  end  of  each  year.  But  payments  are  made  for  labor, 
materials,  etc.,  of  operation,  from  time  to  time  during  the  year. 
Hence  annual  operation  cost  should  include  not  only  each  of  these 
payments,  but  also  the  interest  accrued  on  the  payments  at  the 
end  of  the  year.  In  computing  this  interest,  we  should  recognize 
the  fact  that  the  money  to  make  each  payment  must  usually  be 
on  hand  some  time  before  the  date  of  payment.  (In  this  connec- 
tion see  Interest,  §509.) 


CHAPTER  VI 

PRACTICAL  ANALYSIS  OF  FIRST  COST 

FIRST  COST 

601.  The  practical  analysis  of  first  cost  in  any  specified  case 
will  follow  lines  which  are  more  or  less  plainly  indicated  by  the 
nature  and  circumstances  of  the  case.  However,  there  are 
principles  which  may  properly  have  a  controlling  influence  in 
any  such  analysis;  and  some  of  these  are  exhibited  in  the  following 
simple  examples. 

Example  1:  Production 

602.  A  master  carpenter  makes  some  bookcases  for  a  customer. 
He  keeps  a  little  shop  and  employs  a  few  assistant  carpenters 
and  a  clerk.  The  shop  is  equipped  with  a  variety  of  tools. 
Under  the  direction  of  the  master  two  assistants  build  the 
bookcases  in  3  da.,  making  use  of  the  equipment  of  the  shop. 

What  is  the  cost  of  the  bookcases  to  the  master? 

603.  The  total  cost  of  the  bookcases  must  be  found  by  adding 
together  the  various  elements  of  cost.  Of  these  elements  the 
most  obvious  are  the  materials  of  which  the  bookcases  are  made 
and  the  labor  of  the  carpenters  employed  upon  it.  And  after  the 
work  has  been  done,  these  two  items  are  readily  figured  with 
exactness  from  memoranda  of  the  quantities  of  materials  con- 
sumed and  labor  expended,  and  of  the  unit  prices  paid  for  the 
materials  and  labor. 

604.  But  the  remaining  elements  are  not  as  readily  figured 
for  this  particular  job,  nor  can  they  be  determined  with  exact- 
ness, for  they  are  elements  shared  with  various  other  jobs  turned 
out  by  the  shop. 

For  example,  the  master  pays  cartage  on  incoming  raw  materials. 
If  the  materials  for  these  bookcases  were  obtained  on  a  special  order 
and  delivery,  then  the  cost  of  cartage  on  these  particular  quantities  of 
materials  would  be  known  exactly.  But  the  master  buys  and  places 
in  stock  considerable  quantities  of  materials  at  one  time,  sufficient  for 
several  jobs.  Two  or  more  kinds  of  material  may  be  brought  in  the 
same  cart  load.    Under  such  conditions  how  is  to  be  figured  the  element 
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of  cartage  that  enters  into  the  cost  of  these  bookcases?  Before  answer- 
ing the  question,  let  us  run  over  the  remaining  elements  of  cost  of 
the  bookcases.  The  master  pays  rent  for  the  shop;  he  pays  for  hght, 
heat,  and  power;  he  pays  the  clerk  who  acts  as  keeper  of  time,  books, 
and  stores,  and  as  secretary  and  general  helper;  pays  for  stationery, 
telephone,  postage,  lubricating  oil  for  machinery.  Maintaining  the 
equipment  in  good  working  order  takes  labor  and  material  for  which 
he  pays.  He  has  also  id  carry  fire  and  employers'  habihty  insurance. 
Taxes  are  levied  on  his  equipment.  Then  there  is  depreciation 
of  equipment.  And  finally,  some  salary  ■  for  the  master's  services  as 
manager  and  supervisor  is  properly  an  element  of  cost  of  the  output  of 
the  shop. 

It  is  impossible  or  impracticable  to  determine  directly  or 
exactly  the  quantitative  effect  of  any  one  of  the  foregoing  ele- 
ments on  the  cost  of  the  bookcases.  Those  elements  are  often 
classified  as  expense  (or  overhead,  or  burden — all  terms  of  more 
or  less  elastic  definition) . 

605.  The  effect  of  expense  on  the  cost  of  the  bookcases  is 
found  by  an  indirect  and  approximate  method  called  pro -rating. 
This  method  is  based  on  the  assumption  that,  from  job  to  job 
during  the  year  (or  other  chosen  period  of  time),  the  element, 
expense,  bears  a  constant  ratio  to  some  other  cost  element  which 
can  be  readily  determined  with  exactness  on  each  job  or  unit  of 
output.  This  constant  ratio  is  found  by  dividing  the  year's 
total  expense  by  the  total  for  the  year  of  the  element  chosen  as  a 
basis. 

For  example,  suppose  that  in  the  master's  shop  the  element  expense  is 
beheved  to  be  more  nearly  proportional  to  the  element  labor  than  to  any 
other;  that  the  past  year's  total  of  expense  was  $6000;  the  past  year's 
total  of  labor,  $12,000;  and  that  the  labor  cost  of  the  bookcases  is  $38.40. 
Then  the  expense  element  apphcable  to  the  bookcases  is  (6o<^%2ooo) 
38.40  =  $19.20.  The  process  shown  in  this  example  may  be  briefly 
described  as  ''pro-rating  expense  on  the  basis  of  labor." 

606.  We  have  applied  the  method  of  pro-rating  to  the  total  of 
the  indirect  elements  called  expense.  The  method  of  pro-rating 
may  be  applied,  if  deemed  desirable,  to  any  component  element  of 
expense.  Advantage  is  to  be  gained  by  pro-rating  each  element  or 
group  separately  only  when  it  is  clear  that  substantial  accuracy 
of  results  requires  that  one  basis  should  be  used  in  pro-rating  one 
element  or  group,  and  another  basis  in  pro-rating  another  element 
or  group. 
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Example  2:  Construction 

607.  Let  the  problem  be  to  find  the  cost,  to  the  builder,  of 
the  master  carpenter's  shop  of  Example  1. 

The  shop,  like  the  bookcases,  is  fashioned  from  materials.  The  cost 
of  the  materials  incorporated  in  the  building  is  found  directly  and 
exactly  from  quantities  and  unit  prices  recorded  on  invoices.  So  also 
is  the  cost  of  those  used  materials,  which,  while  ^necessary  to  the  work  of 
construction,  do  not  become  a  part  of  the  shop;  such  as  lumber  for 
scaffolds  and  temporary  office  and  storehouse.  So  also  is  the  cost  of 
labor  wholly  devoted  to  moving,  fashioning,  preparing,  and  placing 
the  materials;  and,  too,  the  cost  of  the  labor  of  superintendent  of  con- 
struction, timekeeper,  etc.,  provided  they  devote  their  whole  time  to 
work  on  the  shop. 

608.  All  of  the  foregoing  elements  properly  are  collectively 
classified,  it  is  evident,  as  direct  cost.  There  may  be  other 
elements  of  direct  cost;  for  example,  the  cost  of  such  equipment 
as  is  bought  new  for,  and  lost  or  used  up  on,  the  job — shovels  and 
hammers  for  instance — and  the  cost  of  various  supplies  used  in 
considerable  quantity,  as  fuel  for  hoist  engine  or  concrete  mixer. 

609.  As  with  the  bookcases,  so  with  the  shop,  there  are  several 
elements  of  cost  which  cannot  be  evaluated  either  directly  or 
exactly. 

For  example:  that  part  of  the  builder's  home  office  costs  that  are 
properly  a  part  of  the  cost  of  the  shop  (such  as  rent,  office  help;  interest, 
repairs,  and  depreciation  in  office  equipment;  stationery,  postage, 
telephone,  etc.);  advertising,  interest  and  depreciation  on  construction 
equipment;  taxes  on  property  employed  directly  and  indirectly  in  the 
work  of  construction;  and  so  on. 

610.  These  indirect  costs  of  the  shop,  which,  as  stated  above, 
cannot  be  evaluated  directly  or  exactly  and  which  we  have  called 
collectively  expense,  are,  like  the  indirect  costs  on  the  bookcases, 
pro-rated — either  the  total  expense  pro-rated  or  its  component 
elements  pro-rated  individually  or  in  groups.  As  before  said,  the 
only  object  in  pro-rating  each  element  or  each  group  by  itself  is 
to  permit  of  the  use  of  a  variety  of  bases  with  the  object  of  mak- 
ing a  closer  approximation  to  the  truth. 

Summary  of  Examples 

611.  It  will  be  well  to  summarize  from  the  two  examples  those 
common  points  with  which  we  are  chiefly  concerned. 
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Entering  into  the  cost  of  output  (bookcases  in  Example  1, 
and  shop  in  Example  2),  there  are  two  classes  of  elements: 
(a)  elements  which  can  be  directly  and  exactly  figured  (such  as 
direct  material  and  labor) ,  which  are  conveniently  grouped  under 
the  head  direct  cost,  and  (h)  elements  which  can  be  evaluated 
only  indirectly  and  approximately  by  the  method  of  pro-rating — 
indirect  costs  that  we  have  called  expense.  The  summary  of 
Examples  1  and  2  is  shown  in  brief  by  the  diagram,  Fig.  611. 


First  cost 


Direct  cost 


(+) 


Direct  materials 
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Direct  labor 

(+) 
Other  direct  cost 


f  Quantities 
\  Unit  prices 

Man-hours 
Hour-rate 


Expense  f /  (Figured  by  the  method  of 

(indirect  cost)  [ \      pro-rating.) 

Fig.  611. — A  practical  analysis  of  first  cost. 


612.  It  must  be  remembered,  as  stated  previously,  that  no  one 
such  analysis,  when  carried  out  to  ultimate  practical  details,  will 
hold  for  all  cases;  but  the  first  stage  of  the  analysis,  which 
separates  the  elements  of  cost  into  two  divisions — direct  and 
indirect — is  of  general  appHcation,  as  is  also  the  pro-rating 
method  of  evaluating  the  indirect  elements,  either  collectively 
or  individually. 

613.  Example  1  (finding  cost  of  bookcases  turned  out  by  the 
master  carpenter's  shop)  is  typical  of  the  work  of  all  shops, 
factories,  farms  even,  and  all  other  plants  which,  Uke  the 
master's  shop,  are  engaged  in  what  is  commonly  called  produc- 
tion. Example  2  (finding  cost  of  the  shop  itself)  is  typical  of  the 
complementary  field  of  endeavor,  universally  known  as  con- 
struction: the  building  of  shops,  factories,  and  all  other 
industrial  works;  of  houses,  barns,  stores,  grain  elevators, 
garages,  office  and  commercial  buildings;  dams,  canals,  railroads, 
bridges;  pavements,  sidewalks,  sewers,  town  halls,  jetties,  harbors, 
and  all  other  public  works;  and  so  on.  Therefore  the  foregoing 
analysis  of  first  cost  of  output  is  applicable  equally  to  the  fields 
of  production  and  of  construction. 

614.  This  conclusion  might  have  been  reached  more  directly  by 
comparing  somewhat  closely  the  operations  of  production  with 
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the  operations  of  construction.  On  reflection  we  find  that  their 
essential  difference  is  this:  in  production  the  operating  plant  is 
fixed  in  position,  the  output  is  portable  and  is  moved  away  for  use 
elsewhere;  in  construction,  on  the  contrary,  the  operating 
plant  is  portable  and  its  output  stands  fast.  It  is  not  apparent 
that  this  essential  difference  can  have  any  material  effect  on  the 
fundamentals  of  the  problem  of  finding  first  cost  of  output. 

615.  It  may  be  well,  before  leaving  this  chapter,  to  state 
that  some  materials  that  enter  directly  into  the  output  enter 
in  such  small  quantities  that,  to  save  clerical  work,  they  are 
arbitrarily  placed  under  the  head  of  expense.  For  example,  the 
glue  and  nails  used  on  the  aforesaid  bookcases  would  be  more 
cheaply  charged  indirectly  against  the  bookcases  through  expense 
than  treated  as  direct  materials,  and  the  resulting  figured  cost 
of  bookcases  would  not  be  sensibly  different.  The  reason  for 
including  so  insignificant  an  item  as  glue  in  the  cost  of  the  book- 
cases is  that  the  year's  cost  of  the  glue  is  not  insignificant. 

616.  The  fact  that  the  greater  the  output  of  a  given  plant  the 
smaller  will  be  the  expense  chargeable  to  each  unit  of  output 
or  job  turned  out,  is  an  important  point  in  the  economics  of 
operation. 

MATERIALS  COST 

617.  A  more  detailed  consideration  of  cost  of  materials  is 
now  in  order.  The  diagram,  Fig.  617,  of  this  analysis  needs  no 
introduction. 
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Fig.  617. — An  analysis  of  materials  cost. 

The  diagram  briefly  says  that  if  we  know  the  quantity  and  unit 
cost  of  each  of  the  materials  under  consideration,  the  cost  of  that 
material  can  be  immediately  found  by  multiph cation;  the  cost  of 
materials  can  then  be  found  by  adding  the  products. 

618.  Quantity  of  material  in  a  structure  is  obtained  directly 
or  indirectly  from  the  plans   {i.e.,  drawings)   of  the  structure. 
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The  quality  or  grade  of  each  kind  of  material  is  given  either  on 
the  plans  or  in  the  accompanying  specifications.  The  work  of 
thus  determining  and  recording  the  quantities  is  commonly  called 
taking  off  the  quantities. 

Each  quantity  of  material  is  of  course  expressed  in  units,  and  the 
particular  unit  used  for  any  kind  of  material  is  largely  a  matter  of 
commercial  custom.  For  example:  (1)  bricks  go  by  count,  the  custom- 
ary unit  being  M  {i.e.,  1000)  bricks.  So  with  shingles:  so  many  M's 
of  shingles.  So  also  with  many  other  materials,  and  with  fixtures.  (2) 
Moulding  is  given  in  Unear  feet;  (3)  hardwood  flooring  in  square  feet; 
(4)  roofing  in  square  feet,  or  in  squares  (1  square  =  100  sq.  ft.);  (5) 
concrete  in  cubic  yards;  (6)  paint,  in  pounds  or  gallons;  (7)  nails,  in 
pounds;  and  (8)  lumber  in  board-feet  (1  board-foot  =  H2  cu.  ft.)  or,  if 
the  quantity  is  considerable,  in  the  unit  MBF  (1000  board-feet). 
Thus  to  express  quantity  of  material  we  use  units  of  count,  length,  area, 
volume,  and  weight. 

619.  It  is  stated  above  that  quantities  are  taken  directly  or  indirectly 
from  the  plans.  Let  us  illustrate  from  the  plan  of  a  house.  Linear  feet 
of  pipe,  moulding,  etc.,  are  given  directly  on  the  drawing  by  scale  or  by 
written  figures.  The  number  of  fixtures,  doors,  etc.  is  directly  taken  off 
by  count.  But  area  and  volume  must  be  calculated  from  dimensions 
given  by  the  drawings,  or  from  dimensions  and  count.  Thus  square 
yards  of  plastering  are  derived  from  dimensions;  board-feetof  floor  joists, 
from  dimensions  and  count.  Again,  the  commercial  unit  of  building 
paper  is  the  roU;  and  the  quantity  required  must  be  calculated  from  the 
area  of  the  surface  to  be  covered  by  the  paper  (computed  from  dimen- 
sions taken  from  the  drawing)  and  the  area  in  the  roll.  The  number  of 
bricks,  though  bricks  are  bought  by  the  count,  is  calculated  from  the 
volume  of  brickwork  and  the  volume  of  1  brick,  some  allowance  being 
made  for  the  volume  of  mortar.  The  number  of  cubic  yards  of  mortar 
is  found  from  the  number  of  brick  and  the  volume  of  mortar  required  to 
lay  1000  brick,  this  volume  being  known  from  experience.  Shingle 
nails  are  bought  by  the  pound.  Handbooks  give  the  number  of 
nails  in  a  pound,  but  it  is  impracticable  to  count  the  nails  required ; 
hence  the  custom  of  obtaining  the  quantity  of  nails  by  multiplying  the 
M's  of  shingles  required  by  the  pounds  (learned  from  experience)  of 
nails  required  to  lay  1  M  shingles. 

620.  Finally,  it  must  be  noted,  not  all  of  the  material  of  every 
kind  required  for  the  house  is  accounted  for  in  the  plans.  The 
difference  between  the  quantities  ''taken  off"  and  the  quantities 
required  to  be  bought  is  waste.  Breakage  and  loss  account  for 
part  of  this  waste,  but  the  greater  part  is  the  necessary  result  of 
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cutting  and  fashioning  the  raw  materials  for  placement,  and 
from  rejection  of  imperfect  pieces  of  material. 

621.  The  examples  of  units  given  above,  and  of  indirect 
methods  required  to  turn  counts  and  dimensions,  taken  from 
plans,  into  commercial  units,  and  of  ever-present  waste,  are  drawn 
from  house  building;  but  similar  examples  are  furnished  by 
every  other  field  of  construction,  and  by  the  fields  also  of 
production. 

LABOR  COST 

622.  Labor  is  usually  paid  on  the  basis  of  time  or  on  the  basis 
of  achievement  or  output.  When  time  is  the  basis,  payment  is  in 
proportion  to  the  number  of  man-days  or  man-hours. 

The  man-hour  is  for  many  purposes  a  better  unit  than  the  man-day, 
because  a  work  day  may  mean  anything  from  7  to  12  hr.  of  work, 
according  to  the  custom  of  the  place,  craft,  and  time.  The  man- 
hour  has  the  advantage ,  too,  when  the  workman  changes  from  one 
kind,  or  piece,  of  work  to  another  during  the  day,  because  of  fewer 
fractions  required  in  keeping  the  record. 

623.  The  unit  of  achievement  depends  on  custom  and  the 
character  of  the  work  done. 

In  house  building,  for  example,  we  find  the  following  used  as  units  of 
achievement:  (1)  hanging  1  door;  (2)  laying  1  M  shingles,  laying  1  M 
brick;  (3)  placing  1  Hn.  ft.  of  moulding;  (4)  plastering  1  sq.  yd.  of  surface, 
1  coat;  (5)  painting  1  square  (100  sq.  ft.)  of  surface,  1  coat;  (6) 
completing  1  cu.  yd.  of  excavation  or,  more  in  detail:  loosening  1  cu. 
yd.  of  earth,  loading  1  cu.  yd.  of  earth,  wheeling  in  a  barrow  1  cu.  yd. 
of  earth  a  unit  distance,  dumping  1  cu.  yd.  of  earth;  (7)  framing  1  MBF 
of  lumber;  and  so  on. 

The  number  of  units  of  achievement  of  any  kind  required  for  a 
structure  is  obtained  directly  or  indirectly  from  the  plans  and 
specifications,  just  as  the  number  of  units  of  each  kind  of  mate- 
rial is  obtained. 

624.  The  analysis  of  cost  of  labor  that  is  paid  by  '*  piece-work," 
that  is,  on  the  basis  of  output  (units  of  achievement),  follows  the 
lines  of  the  diagram.  Fig.  624a. 

{Units  of  achievement 
(X) 
Unit  price 
Fig.  624a. — An  analysis  of  labor  cost. 


PRACTICAL  ANALYSIS  OF  FIRST  COST  63 

The  analysis  is  made  on  the  Hnes  of  Fig.  624b  if  the  pay  of 
labor  is  on  the  hour  basis : 

r  Units  of  achievement 
r  Man-hours      ]       (X) 


(II)  Labor  cost  i      (X)  I  Man-hours  per  unit 

I  Hourly  wage 

Fig.  624b. — An  analysis  of  labor  cost. 

The  manner  of  determining  the  number  of  units  of  achievement 
has  been  stated  above.  The  hourly  wage  on  future  work  must  of 
course  be  predicted. 

625.  The  number  of  man-hours  required  for  a  unit  of  achieve- 
ment is  a  variable  quantity  whose  Hmits  and  usual  values  are  to 
be  learned  only  from  experience  and  the  records  of  experience. 
This  point  is  further  considered  in  chap,  xiv  (Cost  Keeping). 

626.  Each  of  the  foregoing  diagrams  shows  the  analysis  of 
cost  of  one  kind  of  labor.  The  total  cost  of  labor  expended  on 
a  structure  is  indicated  by  the  diagram,  Fig.  626. 
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Fig.  626. — An  analysis  of  labor  cost. 

627.  In  some  production  plants  there  are  in  use  plans  of  pay- 
ment for  skilled  labor  other  than  the  hour  (or  day)  rate,  and 
piece  rate.  Among  these  are  the  Halsey  premium  plan,  the 
Rowan  premium  plan,  the  Taylor  differential  wage  rate  plan,  the 
Gantt  task-and-bonus  plan,  and  the  Emerson  efficiency  bonus 
plan;  all  of  which  will  be  found  fully  explained  in  various  books 
on  cost  keeping  and  on  industrial  management. 

UNIT  COST 

628.  It  often  proves  convenient  to  express  cost  in  terms  of 
unit  of  product. 

In  house  building,  for  example,  the  units  of  product  may  be:  (1)  1 
door  hung;  (2)  1  M  shingles  laid,  1  M  brick  laid;  (3)  1  lin.  ft.  of  moulding 
placed;  (4)  1  sq.  yd.  of  surface  plastered,  1  coat  (or  more);  (5)  1  square 
(100  sq.  ft.)  of  paint  applied,  1  coat  (or  more);  (6)  1  cu.  yd.  of  excava- 
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tion  completed,  1  cu.  yd.  of  concrete  completed;  (7)  1  MBF  of  lumber 
placed;  and  so  on. 

This  example,  it  may  be  noticed,  parallels  the  example  used  to 
illustrate  units  of  achievement,  in  §623. 

The  number  of  units  of  product  of  any  kind,  required  for  a 
structure,  is  obtained  directly  or  indirectly  from  the  plans  and 
specifications. 

629.  The  analysis  of  the  so-called  unit  cost  of  product  will 
depend  on  the  nature  of  the  product.  One  example  will  suffice 
for  illustration. 

The  diagram.  Fig.  629,  indicates  in  general  terms  a  typical 
analysis  for  certain  classes  of  product. 
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Fig.  629. — An  analysis  of  unit  cost  of  product. 
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The  number  of  units  of  each  kind  of  material  entering  into  a 
unit  of  product  is  learned  from  experience  or  is  fixed  by  the 
specifications  or  the  plans.  ''Other  costs  per  unit  of"  material 
include  such  items  as  freight,  unloading  from  cars,  hauling, 
storing,  etc.,  and  are  learned  from  experience.  Likewise  the 
number  of  man-hours  required  for  each  ''operation"  and  the 
various  items  of  cost  of  plant  are  learned  from  experience. 

OTHER  ANALYSES  OF  FIRST  COST 

630.  In  §§203-205  it  is  pointed  out  (1)  that  although  the 
ultimate  elements  of  a  problem  are  the  same,  the  compound 
elements  will  vary  according  to  the  lines  along  which  the  analysis 
proceeds;  (2)  that  an  analysis  is  carried  no  further  in  any  direction 
than  is  necessary  to  reach  a  known  quantity;  and  (3)  that  the 
analysis  is  often  carried  along  lines  determined  by  the  purpose 
and  circumstances.  That  this  is  true  of  the  problem  of  estimat- 
ing cost  will  be  further  exemplified  in  the  next  chapter. 


CHAPTER  VII 
PRACTICAL  ANALYSIS  OF  FIRST  COST  (CONTINUED) 

Procedure  in  Estimating 
IN  GENERAL 

701.  In  the  preceding  chapter  certain  fundamental  principles 
pertaining  to  cost  estimating  were  developed,  and  the  conditions 
which  give  rise  to  the  use  of  different  methods  of  estimating  were 
explained.  The  purpose  of  this  chapter  is  to  describe  some  of  the 
more  common  methods  of  estimating  and  give  the  student  a 
closer  view  of  the  estimator  at  work. 

702.  The  estimator  makes  continual  use  of  his  faculty  of  visuali- 
zation. As  he  looks  over  the  plans  and  specifications  for 
a  structure,  he  visualizes  the  structure  as  a  whole,  and  each  of  its 
parts  in  turn  as  a  whole;  and  then  inspects  most  carefully  a 
mental  moving  picture  showing  the  various  materials  and  opera- 
tions which  day  by  day  or  hour  by  hour  carry  the  structure  from 
beginning  to  completion.  The  analysis  that  he  makes  by  the 
help  of  visualization  is  carried  along  lines  indicated  by  the  fact 
that  the  problem  he  is  analyzing  is  a  cost  problem,  and  so  influ- 
enced also  by  the  character  of  the  cost  data  available  to  him. 

703.  In  making  an  estimate  the  estimator  is  controlled  by: 
(1)  the  purpose  of  the  estimate;  (2)  the  available  data;  and  (3) 
the  time  available  for  making  the  estimate. 

The  purpose  of  the  estimate  decides  as  to  whether  the  estimate 
should  be  (a)  closely  approximate,  (6)  fairly  approximate,  or  (c) 
roughly  approximate.  Usually  the  closer  the  desired  approxima- 
tion, the  more  time  will  be  required  to  make  the  estimate.  The 
purpose  fixes  the  desirable  degree  of  closeness  of  approximation. 
But  on  account  of  the  two  other  controlling  factors,  available 
time  and  available  data,  the  desirable  closeness  of  approximation 
is  frequently  not  obtainable.  Making  an  estimate  of  desired 
closeness  may  be  prevented,  either  by  lack  of  sufficiently  accurate 
data,  or  by  lack  of  time  necessary  to  make  the  estimate  on  the 
basis  of  such  data.     In  either  case  the  estimator  and  his  client 
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must  be  content  with  an  estimate  which,  though  the  closest 
possible  from  the  available  data  in  the  available  time,  is  not  as 
close  as  desired. 

Evidently  the  estimator  has  here  a  need  for  continual  exercise 
of  judgment. 

The  application  of  the  foregoing  discussion  to  procedure  in  cost 
analysis  may  be  illustrated  by  the  following  very  simple  example: 

Let  it  be  required  to  estimate  the  cost  of  a  steel  bar  of  rectangular 
cross-section.     General  principles  justify  the  analysis  of  Fig.  703a. 


(I)  Cost  of  bar  (J) 


(a)  Length  (ft.)  of  bar 


^^^  ^  (6)  Weight  ab.)  per  foot 


{d)  Cost  per  foot  \  (X) 

(c)  Cost  per  pound 


Fig.  703a. — Analysis  of  cost  of  bar. 

But   general   principles  also    justify   the   analysis   of   Fig.   703b. 

r  (6)  Weight  (lb.)  per  foot 
r  (e)  Weight  (lb.)  of  bar  j  (X) 

(II)  Cost  of  bar  (J)  I  (X)  I  (a)  Length  (ft.)  of  bar 

I  (c)  Cost  per  pound 

Fig.  703b. — -Analysis  of  cost  of  bar. 

If  the  data,  a,  b,  c,  d,  e,  are  all  on  hand  and  of  equal  quahty,  the  esti- 
mator will  carry  his  analysis  only  one  stage;  and  he  will  calculate  either 
f=aXd  or  f=eXc  (the  one  product  is  as  dependable  and  as  easy 
to  find  as  the  other).  He  will  not  bother  to  calculate  either  d  or  e  from 
its  elements,  because,  under  the  assumption  of  uniform  data,  to  do  so 
would  be  to  throw  time  away.  The  foregoing  remarks  obviously  hold 
for  any  desired  degree  of  closeness  of  estimate. 

If  the  data,  a,  h,  c,  d,  e,  are  all  on  hand,  but  d  and  e  are  less  rehable 
than  a,  b,  and  c;  and  if  also  the  closest  possible  estimate,  /,  is  desired; 
then  if  sufficient  time  is  available  the  estimator  will  calculate  f  =  a 
{bX  c)  from  I,  or/  =  (6  X  a)c  from  II  (and  of  course  the  two  ways  are 
practically  identical) . 

If  time  will  not  permit  this,  he  must  necessarily  be  content  to  calculate 
either  f  =  a  X  d  (using  the  d  on  hand)  or  /  =  e  X  c  (using  the  e  on 
hand),  though  in  either  case  the  resulting/  is  less  accurate  because  the 
d  is  not  as  reliable  as  b  X  c,  and  e  not  as  reliable  as  6  X  a. 

Again,  suppose  a  and  d  are  the  only  available  data,  and  of  inferior 
quality  at  that.     Then  even  if  the  closest  estimate,  /,  is  desired,  the 


68  ENGINEERING  ECONOMICS 

estimator  is  under  the  necessity  of  calculating  f  =  a  X  d — unless  his 
cUent  will  authorize  him  to  spend  the  requisite  time  and  money  to 
obtain  by  special  search  or  research  more  reUable  data  than  a  and  d. 

704.  The  estimator  diagrams  each  step  of  his  analysis  as  he 
makes  the  step,  in  such  a  way  as  to  indicate  not  only  the  various 
disclosed  parts,  sub-parts,  sub-sub-parts,  and  so  on,  but  also  the 
relation  between  the  cost  of  each  segregated  part  and  the  cost  of 
the  whole  structure. 

Experienced  estimators  do  not  as  a  rule  make  actual  diagrams  (like 
Fig.  707,  for  example)  of  analysis  of  cost  on  paper,  but  build  up  and 
carry  in  their  heads  the  equivalent  of  such  diagrams.  The  inexperienced 
estimator  should  test  the  carrying  capacity  of  his  head  before  giving  up 
the  practice  of  paper-diagramming  his  analysis  as  he  makes  it,  step  by 
step.     See  §§723,  724. 

TYPICAL  PROCEDURE  FOR  ESTIMATING  IN  DETAIL 

705.  A  typical  procedure  for  making  a  detailed  estimate  of 
cost  of  a  proposed  structure  fully  described  by  plans  and  specifi- 
cations at  hand,  will  now  be  given. 

706.  The  estimator  visualizes  the  structure.  If  it  is  made  up 
of  separate  component  structures,  he  recognizes  and  notes  each 
structure. 

For  example,  the  estimator,  about  to  figure  the  cost  of  a  section  of 
proposed  highway,  might  recognize  as  separate  component  structures: 
a  cut,  a  bridge,  a  culvert,  the  pavement,  etc.  He  notes  these  component 
structures  and  the  relation  between  the  individual  costs  of  these  and  the 
compound  structure,  either  mentally  or  on  paper:  preferably  on  paper 
and  in  diagrammatic  form,  as  in  Fig.  706,  for  example. 

Cost  of  cut 

(+) 
Cost  of  bridge 
Cost  of  highway    \         (+) 

Cost  of  culvert 

(  +  ) 
Cost  of  pavement 

Fig.  706. — Analysis  of  cost  of  highway. 

707.  In  estimating  the  cost  of  a  part  the  estimator  visualizes 
it  as  a  distinct  structure,  and  recognizes  and  notes  its  major 
component  parts,  each  part  being  distinctive  by  reason  of  the 
material  used  or  of  the  trade  of  the  men  who  make  it,  or  some 
other  peculiarity. 
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In  the  case  of  the  culvert,  for  instance,  he  might,  for  estimating 
purposes,  recognize:  excavation,  cast-iron  pipe,  concrete  headwalls — 
the  latter,  say,  corresponding  to  "Cost  of  part  A"  in  the  diagram.  Fig. 
707. 

Quantity  ] 

(units  of    \  (Found  directly  or  indirectly  from  quantities  "taken  off") 

product)  J 


Cost  of 
structure 


Cost  of 
part  A 


(From  plans 

. 

Units  of  a                \     and  speci- 

(X) 

[     fications) 
(X) 

Cost  of 

Unit  price 

material  a 

Unit  cost  of  o 

of  a 

(+) 

Other  costs 

Cost  of 

per  unit  of  a 

materials 

(+) 

Cost  of     f  (Same  subdivisions 
material  6  1           as  above) 

(+) 

(+) 



Cost  of     f  Man-hours  (from  experience) 

operation   j        (X) 

Unit  cost 

1           \  Wage  rate 

of  product 

Cost  of 

(+) 

labor 

Cost  of        Man-hours 
operation   ■          (  X ) 
2           [  Wage  rate 

(+) 

(+) 

Assembling,  setting  up,  dismantling,  dispersing 

(+) 

Cost  of 

Depreciation 

plant 

Repairs 
(+) 

Supplies 

(+) 

Cost  of ' 

part  B  . 

(+) 


(Same  subdivisions  as  for  part  A) 


(+) 
General  expenses 

(+) 
Contingencies 

Fig.  707. 


-Analysis  of  cost  of  structure. 


708.  The  estimator  then  visualizes  each  distinctive  part  in 
turn,  following  in  imagination  the  work  of  fashioning  that  part, 
and  recognizing  the  component  materials  and  the  operations  by 
which  they  are  incorporated  to  form  the  part;  and  thus  he  builds 
up  his  diagram  of  analysis  of  cost,  until  all  the  necessary  data  are 
recognized  as  available  in  numerical  form. 
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709.  Guided  by  the  diagram,  he  takes  off  quantities,  and  lists 
all  other  cost  data. 

Take  the  concrete  headwalls  for  illustration:  The  estimator  would 
picture  to  himseK  the  operations  of  building  the  forms  (out  of  lumber, 
nails,  wire,  etc.);  mixing  the  cement,  sand,  crushed  stone,  and  water, 
and  placing  the  resulting  concrete  in  the  forms;  and  later  stripping  the 
forms  from  the  concrete.  And  further,  he  would  call  to  mind  the 
means  by  which  the  materials  and  plant  are  hkely  to  be  assembled, 
and  the  plant  dispersed.  His  analysis  diagram,  actual  or  mental,  would 
be  similar  to  Fig.  707  except  that  it  would  show  specific  instead  of 
general  terms. 

In  the  work  of  taking  off  quantities  a  saving  of  time  and  a  decrease  of 
risk  of  error  are  effected  by  recording  the  quantities  on  paper  ruled  into 
columns  suitably  spaced  for  entering  the  following:  location  or  identi- 
fication of  item;  description  of  item;  quality;  dimensions;  quantities; 
unit  prices;  and  extensions. 

Also  to  facilitate  the  taking  off  and  to  reduce  the  risk  of  error  through 
omission  or  duplication  of  items,  the  estimator  follows  some  systematic 
sequence  in  taking  off.  For  example,  he  might  begin  with  the  foun- 
dation of  a  building  and  finish  with  the  roof;  or  begin  at  the  northeast 
corner  of  a  basement  wall  and  follow  around  the  building  in  clockwise 
direction;  and  so  on. 

It  is  a  common  custom,  in  offices  in  which  a  few  lines  of  construction 
or  production  are  regularly  carried  on,  to  have  printed  or  manifolded 
for  each  line,  copies  of  an  estimate  sheet  on  which  appear  the  elements 
of  cost  usually  found  in  that  line  of  work.  After  repeated  use,  and 
revision  from  time  to  time,  such  a  sheet  approaches  completeness  and 
is  a  great  aid  to  the  estimator,  and  insures  against  omission  of  any 
item  of  the  average  job. 

Such  an  estimate  sheet  is  that  issued  by  the  Associated  General 
Contractors  of  America,  and  prepared  in  detail  for  highway  work. 

710.  Having  taken  off  the  quantities,  the  estimator  determines 
and  notes  the  unit  price  applicable  to  each  kind  of  material,  and 
the  wage  rate  applicable  to  each  labor  craft. 

711.  The  next  step  is  to  make  and  total  the  extensions,  that 
is,  make  the  multiplications,  additions,  etc.,  indicated  in  the 
diagram,  Fig.  707. 

712.  Next,  an  estimate  is  made  of  other  direct  costs  than  those 
estimated  above. 

As  examples  of  such  costs  may  be  cited  transportation  charges, 
watchman's  wages,  and  so  on. 
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713.  The  elements  of  indirect  cost  (expense  or  overhead)  are 
next  compiled  and  totaled. 

Such  elements  may  embrace  depreciation  and  repairs  on  construction 
plant,  general  office  expense,  liabiUty  insurance,  etc.  These  are  usually 
found  by  pro-rating. 

714.  A  grand  total  is  taken ;  and  to  this  is  added  for  contingen- 
cies a  percentage  corresponding  to  the  circumstances  of  the  case 
in  the  judgment  of  the  estimator;  thus  obtaining  the  estimated 
cost  of  the  structure.  To  this  estimated  cost  may  or  may  not  be 
added  a  percentage  for  profit,  according  to  the  circumstances  of 
the  case. 

ABBREVIATED  PROCEDURES 

715.  The  foregoing  procedure  is  typical  of  cases  in  which 
the  estimator  must  carry  the  analysis  to  the  degree  of  subdivision 
indicated  by  the  diagram,  Fig.  707,  in  order  to  disclose  elements 
whose  values  are  known  to  him.  It  is  often  the  case,  however,  that 
through  foresight  or  good  luck  the  estimator  is  in  possession  of 
values  of  some  of  the  compound  elements,  or  their  ratios,  dis- 
closed during  the  earlier  stages  of  the  analysis — values  derived 
from  cost  records  of  precisely  similar  existing  structures — and  in 
such  case  he  gains  nothing  by  carrying  the  analysis  beyond  the 
points  where  he  discloses  these  known  compound  elements;  and 
on  the  contrary  gains  time  both  in  analyzing  and  in  computing, 
by  stopping  the  analysis  at  these  points. 

Or,  the  purpose  of  the  estimate  may  permit  a  sufficiently  close 
estimate  to  be  made  from  values  of  compound  elements  taken 
from  cost  records  of  other  structures  more  or  less  similar  to  the 
one  under  consideration.  In  this  case,  also,  the  estimator  would 
direct  the  analysis  toward  and  carry  it  only  far  enough  to  reach 
those  values. 

Or  again,  as  not  infrequently  happens,  the  time  available  for 
making  an  estimate  will  not  permit  calculating  the  estimated 
cost  from  ultimate  elements,  no  matter  how  superior  their  values 
may  be  to  the  compound-element  values  on  hand;  and  incases  like 
this  the  estimator  is  compelled  to  use  the  compound-element 
values  on  hand  even  if  they  are  from  records  of  structures  more 
or  less  unlike  that  for  which  the  estimate  is  being  made,  either  in 
size,  shape,  material,  or  conditions  controlling  construction;  and 
he  directs  and  abbreviates  his  analysis  accordingly.  Of  course  he 
modifies  the  recorded  data  before  entering  them  into  his  calcu- 
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lations;  or,  if  not,  modifies  the  result  of  his  calculations,  to  the 
best  of  his  judgment,  to  neutralize  the  effect  of  the  deficiencies  in 
the  data. 

Five  abbreviated  procedures  will  now  be  given. 

First  Abbreviated  Procedure 

716.  If  the  estimator  has  on  hand  the  unit  cost  of  product  for 
each  of  the  various  products  that  go  to  form  a  structure,  his 
analysis  of  the  cost  of  such  structure  need  not  be  carried  beyond  the 
point  where  (Fig.  707)  ''Unit  cost  of  product"  appears.  That 
diagram,  under  these  conditions,  reduces  to  Fig.  716. 

I  Quantity  (units  of  product) 
Cost  of  part' A  (X) 

lUnii 


Cost  of  structure 


(+) 


Unit  cost  of  product 


Cost  of  part  B  \  (Same  subdivision  as  above) 

(+) 


Fig. 


(+) 
General  expense 

(+) 
Contingencies 

716. — Analysis  of  cost  of  structure. 


The  estimator  ascertains  from  plans  and  specifications  the 
number  of  units  of  product  in  each  part.  The  other  factors  are 
known  from  cost  data  on  hand  or  available.  See  §§809-817 
(Bringing  Old  Cost  Data  up  to  Date). 

Second  Abbreviated  Procedure 

717.  If  the  cost  data  on  hand  include  ''Cost  of  part  A,''  "Cost 
of  part  B,'^  and  so  on,  of  the  structure,  the  estimator's  work  in 
finding  the  cost  of  the  structure  is  of  course  reduced  to  the  steps 
indicated  in  Fig.  717. 

Cost  of  part  A 

(+) 
Cost  of  part  B 

(+) 


Cost  of  structure 


(+) 
General  expense 

(+) 
Contingencies 


Fig.  717. — Analysis  of  cost  of  structure. 
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Third  Abbreviated  Procedure 

718.  Sometimes  the  estimator  has  on  hand  the  ratio  which  the 
cost  of  each  part  of  an  existing  structure  bears  to  the  cost  of 
the  structure.  In  estimating  the  cost  of  a  proposed  structure  of 
the  same  general  type,  he  estimates  the  cost  of  one  part  by  the 
easiest  method  permitted  by  his  store  of  cost  data,  and  divides 
this  cost  by  the  previously  ascertained  ratio  of  cost  of  struc- 
ture to  cost  of  this  part. 

A  builder  analyzed  his  cost  records  pertaining  to  several  completed 
frame  dwellings  and  found  that  the  per  cent  ratios  of  items  to  total  ran 
about  as  in  Table  718. 

Table  718. — Per   Cent  Ratios  of  Parts  to  Whole 

Per  cent  of 
General  item  whole  cost 

Masonry 5 

Lumber 23 

Carpenter  labor 21 

Plastering 9 

Millwork 17 

Plumbing 8 

Shingling 6 

Hardware 4 

Painting 7 

Total  cost  of  dwelling 100 

The  builder  estimated  the  lumber  for  a  proposed  frame  dwelling  at 
$960;  his  past  experience,  as  represented  by  the  schedule  above,  showed 
that  the  cost  of  lumber  was  about  23%  of  the  total  cost;  consequently 
he  computed  the  probable  cost  of  the  proposed  dwelling  at  {^^%3)9Q0 
which,  in  round  numbers,  is  $4200. 

The  foregoing  is  to  be  taken  merely  as  an  example  illustrating  a 
method  of  estimating;  the  percentages  given  are  not  intended  for 
information. 

Of  course  the  degree  of  confidence  to  be  placed  in  an  estimate  made  by 
this  method  will  depend,  in  part,  upon  the  number  of  structures  upon 
which  the  schedule  is  based,  and  the  variations  which  the  schedules  of 
individual  completed  structures  show  in  comparison  with  the  adopted 
average  schedule.  In  general,  it  is  to  be  expected  that  the  larger  the 
percentage  of  the  item  chosen  as  a  basis,  the  more  reliable  will  be  the 
result ;  for  instance,  the  lumber  item  (23  %)  in  the  schedule  above  should 
be  more  reliable  as  a  basis  than  the  plumbing  item  (8%).     The  number 
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of  items  into  which  the  whole  cost  should  be  divided  for  the  purpose  of 
compiHng  a  percentage  schedule  will  depend  upon  circumstances  and  the 
character  of  the  original  data. 

It  is  to  be  supposed  that  the  mason  would  incline  to  use  the  masonry 
cost,  the  plumber  the  plumbing  cost,  the  millman  the  millwork  cost,  and 
so  on,  as  a  basis  for  computing  the  total  cost  of  a  dwelling  from  the 
schedule. 

Fourth  Abbreviated  Procedure 

719.  The  estimator  sometimes  finds  that  the  structure  of  which 
he  is  about  to  find  the  cost  is  very  like  one  or  more  existing 
structures  of  which  he  knows  the  cost.  In  such  cases  he  may 
assume  the  probable  cost  of  the  proposed  structure  to  be  the 
same  as  the  known  cost;  or  he  may  add  to  or  subtract  from  the 
known  cost  a  sum  which  in  his  judgment  corresponds  to  changes 
in  prices  and  wages,  and  to  such  difference  as  he  may  recognize 
between  the  proposed  and  existing  structures. 

To  illustrate:  An  experienced  builder  inspects  the  plans  and  specifi- 
cations for  a  proposed  dwelling  with  a  view  to  making  a  rapid  estimate 
of  its  cost;  and  mentally  passing  in  review  all  the  dwellings  that  he  has 
built,  notes  that  the  dwelling  which  he  built  for  Henry  Hillhouse  at  a 
cost  of  $5500  is  on  the  whole  very  like  the  proposed  dwelling  as  to 
quantity  and  quality  of  materials  and  labor  required;  recognizes  the 
fact  that  prices  are  a  little  higher  now  than  when  the  Hillhouse  dwelling 
was  built,  and  accordingly  estimates  the  cost  of  the  proposed  dwelling 
at  $6000.  Or,  perhaps,  he  classifies  the  proposed  dwelling  as  lying  (as 
to  cost)  somewhere  between  two  dwellings  already  built  by  him — one 
for  Brown  at  a  cost  of  $5500,  the  other  for  White  at  a  cost  of  $7200; 
judges  that  the  proposed  dweUing  will  cost  nearer  $7200  than  $5500, 
and  estimates  its  cost  at  $6500. 

The  method  here  exemplified  is  used  more  than  all  other  methods  of 
estimating.  It  is  as  quick  as,  if  not  quicker  than,  any  other  method. 
The  estimator  applies  the  method  with  equal  facility,  if  not  with  the 
same  sureness,  to  the  structure  of  which  he  has  only  a  dim  mental 
picture  and  to  that  of  which  he  holds  complete  working  drawings.  This 
method  is,  or  should  be,  always  used  as  a  check  on  cost  estimated  by 
other  methods;  and  is  universally  employed  by  executives  to  test  the 
work  of  subordinates  for  blunders.  Furthermore,  this  method  is  more 
reliable  in  some  cases  than  the  more  elaborate  methods — in  cases  where 
the  plans  and  specifications  and  conditions  which  have  controlled  the 
cost  of  several  actual  structures  will  control  the  cost  of  the  proposed 
structure. 
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Fifth  Abbreviated  Procedure 

720.  Finally  there  is  the  procedure  based  on  the  assumption, 
often  more  or  less  closely  approximating  the  truth,  that  the  cost 
of  a  structure  varies  directly  with  the  number  of  units  of  some 
chosen  kind  which  the  structure  contains — either  a  unit  of 
material,  or  a  unit  of  product. 

The  estimator  finds  the  number  of  units  in  the  structure, 
multiplies  the  number  by  the  cost  per  unit  as  ascertained  from 
experience. 

For  instance,  to  find  the  cost  of  a  proposed  bridge  by  this  quick 
method,  the  estimator  calculates  the  approximate  weight  of  the  bridge 
in  pounds  and  multiplies  the  weight  by  a  pound  price  that  has  been 
learned  from  experience;  or  to  find  the  cost  of  a  building  of  a  certain 
type  he  takes  off  the  number  of  square  feet  of  floor  area,  and  multi- 
plies this  number  by  the  square-foot  cost  supphed  by  experience;  or  he 
may  estimate  the  cost  of  a  building  by  multiplying  the  number  of 
cubic  feet  of  space  that  it  encloses  by  the  cubic-foot  cost  ascertained 
from  experience;  and  so  on. 

Abbreviated  Procedures  (Concluded) 

721.  It  should  be  understood  that  the  estimator  varies  his 
methods  from  structure  to  structure,  indeed  from  part  to  part 
of  structure,  guiding  himself  in  choice  of  method  by  cost  data 
available,  time  at  command,  and  purpose  of  estimate. 

He  may  for  example  completely  analyze  the  cost  of  one  part  of  a 
proposed  structure  and  adopt  a  lump-sum  figure  on  record  for  the 
estimated  cost  of  another  part. 

722.  Since  the  estimator's  object  is  to  turn  out  an  estimate 
which  shall  have  some  predetermined  degree  of  closeness,  with  a 
minimum  of  effort  and  time,  he  takes  every  available  short  cut 
the  use  of  which  will  not  lower  the  predetermined  closeness  of 
approximation.  He  bears  in  mind  that  the  uncertainty  in  the 
total  estimated  cost  is  no  more  affected  by  a  large  percentage  of 
error  in  a  small  item  than  by  a  small  percentage  of  error  in  a 
large  item;  and  proportions  his  time  on  small  items  and  large 
items  accordingly. 

If  the  actual  cost  of,  say,  nails  in  a  structure  is  to  be  $18.33  and  the 
actual  cost  of  labor  is  to  be  $3736.00,  it  is  plain  that  forgetting  the  nails 
altogether  would  have  no  greater  effect  on  the  total  estimate  of  cost 
than  estimating  the  labor  too  low  by  0.5%. 
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USE  OF  ANALYSIS  DIAGRAM 


723.  Making  the  analysis  of  a  problem  is  of  course  an  indis- 
pensable preliminary  to  the  solution.  Making  a  diagram  of  the 
analysis  on  paper  is  not  an  indispensable  preliminary.  Neverthe- 
less the  diagram  should  be  actually  constructed.  The  student 
will  find  this  statement  justified  by  the  following  considerations. 

1.  By  analysis  the  estimator  discovers  the  elements  of  the 
problem  and  the  relations  which  they  bear  to  one  another.  In 
solving  the  problem  none  of  the  elements  must  be  overlooked, 
and  none  of  the  relations  confused. " 

The  mental  effort  required  to  prevent  omission  and  avoid 
confusion  is  far  less  when  the  diagram  is  on  paper  than  when  it 
exists  only  in  the  mind.  The  effort  saved  by  the  use  of  the  written 
diagram  is  the  greater  as  the  problem  is  more  complex.  It  is 
safe  to  say  that  it  has  been  far  easier  for  the  reader  to  follow 
the  analysis  of  investment  choice  in  this  volume  than  it  would 
have  been  if  no  diagrams  had  been  inserted. 

2.  Having  made  the  diagram  on  paper,  the  estimator  can 
attack  each  sub -problem  with  a  mind  entirely  free  from  thought 
of  other  sub -problems  and  of  the  problem  as  a  whole. 

3.  When  he  has  solved  a  sub-problem,  the  result  is  a  known 
factor,  ready  to  use  in  a  subsequent  step  in  the  solution  of  the 
original  problem.  He  should  record  the  result  where  it  may  be 
conveniently  found  when  wanted.  The  diagram  suggests  to  him 
a  convenient  form  and  a  convenient  place  for  the  record  of  his 
result. 

4.  When  the  estimator  has  completed  the  solution  of  a  sub- 
problem  he  checks  it  off  on  the  diagram.  By  this  practice  he 
makes  the  diagram  a  clear  progress  chart  from  which  he  can  tell 
at  any  time  what  has  been  done  and  what  remains  to  be  done. 

5.  By  a  glance  at  the  diagram  at  any  time  he  gets  a  bird's-eye 
view  of  the  elements  of  the  problem  and  their  relations.  Many 
times  during  the  progress  of  the  solution  he  will  need  this  view, 
particularly  at  the  beginning  and  end  of  the  work  on  each  sub- 
problem. 

6.  The  logical  arrangement  of  the  parts  and  sub-parts  of  the 
report  on  the  solution  of  a  problem  is  indicated  by  the  analysis. 
The  only  way  of  testing  the  logic  of  the  arrangement  of  the  parts 
of  the  report  is  to  compare  the  arrangement  with  the  analysis  of 
the  problem.     A  written  diagram  of  the  analysis  is  therefore  a 
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powerful  aid  in  drafting  an  outline  of  a  report,  and  in  judging 
a  drafted  outline. 

7.  If  an  assistant  makes  a  reasonable  analysis  of  a  problem 
assigned  to  him  by  his  chief,  and  a  clear  diagram  of  that  analysis, 
the  chief  can  know  from  a  brief  inspection  of  the  diagram  that  the 
problem  has  been  assigned  to  the  right  man. 

8.  Finally,  the  benefits  arising  from  the  use  of  a  diagram  of 
analysis  on  paper,  enumerated  above,  become  greater  when  many 
men  are  engaged  on  the  solution,  some  on  one  part,  some  on 
another,  under  the  direction  of  a  chief. 

The  diagram  is  a  material  aid  to  the  individual  workers,  but 
especially  helpful  to  the  chief.  The  chief  analyzes  the  problem, 
gives  each  major  sub-problem  to  the  subordinate  best  quaUfied 
to  undertake  it,  and  finally  receives  from  the  subordinates  their 
results,  and  properly  combines  them.  For  large  problems  each 
subordinate,  acting  as  a  sub-chief,  may  subdivide  his  sub-problem, 
and  allot  the  different  parts  to  his  subordinates  for  solution. 
The  diagram  in  such  cases  is  indispensable. 

724.  From  the  foregoing  discussion  we  may  derive  the  follow- 
ing useful  working  rules : 

1.  Analyze  the  problem,  making  an  outline  or  diagram  as 
the  analysis  progresses. 

2.  Carry  the  analysis  forward  until  the  values  of  all  factors 
on  the  right  of  the  diagram  are  known  to  be  on  hand  or  ascer- 
tainable by  search  or  inquiry. 

3.  Indicate  by  signs  or  equations  the  relations  which  exist 
between  the  factors  disclosed  by  each  step  in  the  analysis. 
(When  the  relations  between  elements  in  a  group  are  complex 
it  is  well  to  write  on  a  convenient  margin  of  the  diagram  the 
formula  which  expresses  the  relation.) 

4.  Draft  a  list  of  the  major  divisions  of  the  solution,  naming 
them  in  the  order  in  which  it  is  planned  to  take  them  up. 


CHAPTER  VIII 
PRACTICAL  ANALYSIS  OF  FIRST  COST  (CONCLUDED) 

Procedure  in  Estimating  {Concluded) 

801.  In  the  preceding  chapter  the  general  frame  work  of  the 
analysis  of  the  problem  of  estimating  cost  has  been  erected. 
The  solution  of  the  problem  involves  the  substitution  of  numer- 
ical values  for  the  elements  ultimately  disclosed  by  analysis  and 
the  combination  of  the  elements  in  accordance  with  the  indications 
of  the  analysis  diagram. 

The  student  needs  no  instructions  in  regard  to  the  calculations 
required  to  effect  the  combination  of  numerical  values  of  elements 
(that  is,  to  figure  the  total  cost  from  the  elements),  once  those 
elements  are  evaluated;  but  for  the  work  of  evaluating  the 
elements  he  will  need  some  instruction.  It  is  the  main  purpose  of 
this  chapter  to  supply  this  instruction. 

PRICES,  WAGE  RATES,  AND  MAN-HOURS 

802.  Customarily  the  estimator  uses  current  price  and  wage 
rate,  or  his  best  approximations  to  them,  in  making  an  estimate, 
even  when  he  anticipates  that,  at  time  of  construction,  price  and 
wage  rate  will  be  higher  or  lower. 

Any  anticipated  change  in  price  or  wage  rate  between  the  date 
of  making  the  estimate  and  the  proposed  later  date  of  building,  he 
usually  takes  into  account  by  adding  to  or  subtracting  from  the 
cost,  figured  on  the  basis  of  prices  of  date  of  estimating,  such  a 
percentage  of  that  cost  as  he  judges  will  make  the  necessary 
adjustment. 

803.  The  estimator  draws  on  several  sources  for  price  and 
wage  data.  An  estimating  office  is  likely  to  accumulate  records 
of  unit  prices  along  the  lines  of  interest  to  the  office;  but  often 
the  estimator  will  require  a  current  price  which  does  not  appear 
in  the  office  records.  Sometimes  he  can  conveniently  obtain  the 
needed  prices  from  the  purchasing  department  of  the  organization 
of  which  he  is  a  member.  Often  he  finds  it  best  to  obtain  a 
current  price  directly  from  a  dealer.     Prices  current  or  recent  can 
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be  obtained  also  from  catalogs  and  discount  sheets,  and  from 
market  quotations  published  in  technical  and  trade  papers  and, 
in  some  instances,  in  newspapers. 

804.  Occasionally  the  estimator  does  not  know  the  current 
price  of  a  particular  material  and  does  not  wish  to  take  the  time 
and  trouble  to  obtain  it.  He  then  falls  back  on  a  price  of  some 
earlier  date — some  price  that  he  remembers  or  finds  on  record — 
bringing  the  price  up  to  date  by  means  of  his  knowledge  of  general 
price  changes  subsequent  to  the  date  of  the  chosen  price. 

805.  When  the  desired  unit  price  of  a  material  is  not  available, 
the  estimator  may  deduce  an  approximation  to  it  from  the  known 
unit  price  of  some  similar  material. 

For  instance,  the  price  of  reinforcing  bars  being  unknown,  it  may  be 
approximated  by  making  such  modification  as  judgment  directs,  in  the 
known  price  of  angle  bars  or  even  of  pig  iron. 

806.  The  only  basis  for  predicting  the  number  of  man-hours 
of  labor  likely  to  be  required  for  one  unit  of  achievement  of  any 
kind,  on  proposed  work,  is  past  experience.  Where  a  good  cost- 
keeping  system  is  in  force,  records  of  man-hours  per  unit  of 
achievement  are  built  up  almost  automatically.  But  in  many 
cases  the  estimator  has  no  such  record  to  draw  on;  and  must  do  the 
best  he  can  in  the  time  available  to  extract  from  the  time  keeper's 
records  the  desired  rate  of  achievement;  and  must  appeal  to 
pubUshed  records  of  such  rates  when  the  office  records  fail  him. 

807.  The  number  of  man-hours  of  labor  required  for  one  unit 
of  achievement  of  any  kind  is  the  resultant  of  a  great  many 
factors.  Hence  it  is  that  records  give  widely  differing  figures  for 
man-hours  per  unit  of  achievement;  and  that  the  confidence  with 
which  any  one  figure  from  the  records  can  be  used  in  estimating 
is  dependent  on  a  knowledge  of  the  conditions  that  affected  the 
work  from  which  the  figure  was  derived. 

Among  the  conditions  which  affect  the  number  of  man-hours  required, 
say,  to  load  1  cu.  yd.  of  sand  are  the  following:  the  mental  and 
physical  make-up  and  condition  of  the  man,  the  condition  of  the  sand, 
and  the  general  conditions  under  which  the  work  is  done.  With  con- 
ditions all  favorable  there  might  be  required  0.4  man-hour  to  load 
1  cu.  yd.;  while  with  conditions  all  unfavorable  there  might  be 
required  0.7  man-hour. 

808.  Occasionally  the  number  of  man-hours  per  unit  of  achieve- 
ment is  unknown  to  the  estimator,  and  unobtainable  from  his 
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records  or  associates.  In  such  event  his  only  course  is  to  form  a 
mental  moving  picture  of  the  work  involved,  from  start  to  finish, 
and  act  as  timekeeper. 

To  find  how  many  man-hours  will  be  required,  for  example,  to  un- 
load by  hand  a  car  of  2  ft.  cast  iron  pipe  in  12  ft.  lengths,  the 
estimator  will  visuahze  the  job — the  number  of  men  required,  the 
manner  in  which  they  will  carry  on  the  work — time  the  operations  as 
well  as  he  can,  and  so  form  an  estimate  of  the  total  man-hours  required 
to  unload  the  car.  Then,  from  the  known  number  of  pipe  lengths  or 
total  weight  of  pipe  in  the  load,  he  can  obtain  the  number  of  man-hours 
required  to  unload  1  length,  or  1  ton,  of  pipe. 

BRINGING  OLD  COST  DATA  UP  TO  DATE 

809.  In  following  any  one  of  the  abbreviated  procedures 
(§§715-722),  the  estimator  frequently  must  use  an  old  cost — 
after,  of  course,  having  brought  it  up  to  date. 

810.  The  current  methods  of  bringing  costs  up  to  date  are 
merely  abbreviations  of  the  following  described  precise  method, 
which  is  seldom  employed. 

This  precise  method  is  based  on  the  assumption  that  the  hourly 
output  of  labor  remains  constant  in  spite  of  changing  wage 
rate — an  assumption  that  will  be  called  in  question  after  the 
method  is  described. 

811.  The  precise  method  of  bringing  the  cost  of  an  earlier 
date  up  to  the  present  is  as  follows:  (1)  Divide  the  given  lump 
cost  into  parts,  each  of  which  is  the  total  cost  of  one  kind  of  labor 
or  of  one  kind  of  material.  (2)  Multiply  each  resulting  labor  cost 
by  the  wage  rate  ratio  (that  is,  the  ratio  between  the  present 
wage  rate  and  the  wage  rate  of  the  earUer  date).  (3)  Multiply 
each  resulting  material  cost  by  the  price  ratio  (that  is,  the  ratio 
between  the  present  price  and  the  price  of  the  earlier  date). 
(4)  Add  these  products,  obtaining  the  most  reasonable  figure  for 
the  present  lump  cost  corresponding  to  the  given  lump  cost; 
provided  that  the  same  total  number  of  man-hours  of  each  kind  of 
labor  will  be  required  for  the  proposed  structure  as  were  required 
for  the  earlier  structure. 

812.  There  are  two  reasons  why  the  precise  method  given  above 
is  not  used  in  practice:  (1)  It  is  seldom  the  case  that  there  are 
available  sufficient  data  regarding  the  earlier  structure  to  permit 
a  literal  following  of  the  method;  and  (2)  it  would  not  be  desirable 


PRACTICAL  ANALYSIS  OF  FIRST  COST  81 

to  apply  the  method  hterally  even  if  all  needed  data  were  at 
hand,  because  a  result  of  substantially  the  same  reliability 
can  be  obtained  with  much  less  effort  by  greatly  abbreviating 
the  process. 

813.  Often  a  former  unit  cost  or  lump-sum  cost  for  a  given 
structure  may  be  satisfactorily  brought  up  to  date  by  multiplying 
the  former  cost  by  the  general  cost  index  ratio  for  that  class  of 
structure  (that  is,  the  ratio  of  the  general  cost  index  number 
of  the  present  to  that  of  the  date  of  the  former  cost). 

For  example,  the  cost  of  building  a  certain  structure  in  1913  was 
$20,000.  The  building  cost  index  number  of  November  1921  was  168  as 
compared  to  100  in  1913.  What  would  have  been  the  cost  of  a  like 
structure  in  November,  1921? 

The  building  index  ratio  is  here  i^^^q^  =  1,53^  which  multiplied 
by  20,000,  the  cost  in  1913,  gives  20,000  X  1.68  =  $33,600,  the  probable 
cost  in  November,  1921. 

814.  Sometimes,  instead  of  the  building  cost  index  number 
ratio,  the  price  ratio  of  that  material  (or  the  wage  rate  ratio 
of  that  kind  of  labor)  most  largely  used  in  the  structure  is  used 
as  the  factor  for  bringing  the  cost  of  a  former  date  up  to  the 
present. 

It  is  obvious  that  closer  approximations  could  be  secured  by 
multiplying  the  given  lump  cost  by  the  average  of  two  or  more 
ratios  pertaining  to  the  more  largely  used  materials  and  kinds 
of  labor.  At  times  the  estimator  is  justified  in  weighting  the 
ratios  and  using  the  weighted  average. 

815.  In  converting  an  old  cost  into  new,  the  estimator  bears 
in  mind  the  fact  that  when  wage  rate  rises  (or  falls)  because 
supply  of  labor  lags  behind  (or  outruns)  demand,  the  hourly  out- 
put of  labor  tends  to  fall  (or  rise) ;  and  that  hence  cost  of  labor 
has  two  sources  of  variation:  (1)  The  direct  variation  due  to 
change  in  wage  rate;  and  (2)  an  indirect  variation,  in  the  same 
direction,  due  to  change  in  rate  of  labor  output. 

He  draws  the  conclusion,  when  he  multiphes  an  old  cost  by  a 
price  ratio  or  wage  rate  ratio  to  bring  it  up  to  date,  that  he 
should  make  some  further  adjustment  to  correspond  to  the  indi- 
rect effect  of  change  in  wage  rate  on  unit  cost  of  labor  achievement; 
but  when  he  rejuvenates  the  old  cost  by  multiplying  by  a  cost 
ratio,  no  such  adjustment  is  required  on  his  part,  for  the  simple 
reason  that  the  cost  ratio  itself  contains  the  corrective  element. 
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816.  From  personal  observation,  and  the  related  experience  of  others, 
I  judge  that  many  workmen  and  many  groups  of  workmen  accomplished 
in  1  hr.  during  the  World  War  at  double  the  1913  wage,  not  more 
than  one-half  the  hourly  output  of  1913.  This  judgment  suggests  the 
idea  that  the  cost  of  a  specified  labor  output  varies  approximately  as 
the  square  of  the  wage  rate. 

I  have  tested  this  idea  by  the  only  set  of  data  I  have  been  able  to 
find  for  this  purpose,  and  found  that  for  this  particular  case  the  cost  of 
labor  varied  over  a  20  yr.  period  more  nearly  with  the  square  of  the 
wage  rate  than  with  the  wage  rate. 

817.  Finally,  a  recorded  cost  must  be  modified  by  judgment 
for  use  in  estimating  the  cost  of  a  proposed  structure,  according 
as  the  conditions  expected  to  obtain  on  the  proposed  work  differ 
from  the  conditions  that  surrounded  the  work  which  supplied  the 
recorded  cost. 

This  brings  out  the  fact  that,  in  order  to  use  records  of  costs  of 
past  work  with  confidence,  the  records  must  include  a  full  descrip- 
tion of  the  conditions  that  had  a  material  influence  on  those 
costs.  In  short,  the  circumstances  of  the  work  from  which  costs 
have  been  derived  are  indispensable  cost  data. 

That  the  statement  just  above  is  not  exaggerated  is  shown  by  the 
following:  The  cost  of  excavation  per  cubic  yard,  for  example,  depends 
on  the  number  of  cubic  yards  in  the  excavation;  on  the  nature  and 
condition  of  the  material  excavated;  the  kind  and  condition  of  the 
excavating  plant  used ;  the  intelligence  and  vigor  with  which  the  work  is 
carried  on;  the  shape  of  the  excavation;  the  length  of  the  haul;  wages; 
and  other  conditions  and  circumstances.  For  example,  rock  costs 
more  than  earth,  mainly  because  it  requires  a  greater  amount  of  labor 
or  other  power  to  loosen  it;  wet  earth  requires  more  effort  than  dry, 
because  it  sticks  to  the  shovels  and  vehicles;  and  in  some  cases,  as  in 
tunnels  and  foundation  pits,  the  cost  of  excavating  soft  material  greatly 
exceeds  that  of  solid  rock  because  of  the  water  that  has  to  be  pumped 
to  keep  the  excavation  in  workable  condition;  in  an  excavation  of 
considerable  extent  machine  work  is  usually  cheaper  than  hand  work; 
very  shallow  excavations,  deep  trenches,  shafts,  wells,  and  tunnels,  all 
cost  more  per  cubic  yard  than  excavations  in  similar  material,  which, 
due  to  more  favorable  shape,  present  fewer  hindrances  to  the  free  move- 
ment of  the  forces;  work  is  usually  done  less  rapidly  when  laborers  are 
scarce  than  when  they  are  plentiful;  work  done  under  contract  is  as  a 
rule  pushed  more  vigorously  than  work  done  by  day's  labor;  higher 
wages  and  higher  cost  of  explosives  and  plant  make  a  higher  cost  per 
cubic  yard  of  material  moved;  and  so  on.     The  significance  of  all  these 
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conditions  to  the  estimator  will  be  appreciated  by  even  the  novice  when 
he  reads  that  the  cost  of  excavation  per  cubic  yard  runs  from  below 
10  cts.  to  upward  of  $5,  according  to  the  circumstances  of  the  work. 

AIDS  IN  ESTIMATING 

818.  The  foregoing  pages  of  this  chapter  give  some  indication 
of  the  great  variety  of  data  required  by  the  estimator.  It  is 
entirely  impracticable  to  give  in  this  book  anything  more  than 
this  indication,  for  there  are  a  great  number  of  distinct  lines 
of  construction  and  of  production,  and  each  line  calls  for  a 
great  variety  of  cost  data,  differing  in  many  ways  from  the  cost 
data  required  by  each  of  the  other  lines. 

Something  worth  attention,  however,  can  be  said  in  a  reason- 
able space  regarding  facilitating  the  work  of  estimating. 

819.  We  have  seen  that  time  is  one  of  the  limiting  factors  in 
making  an  estimate.  Obviously,  then,  the  estimator's  data,  such 
as  he  has,  should  be  in  the  most  readily  available  form.  It  is  not 
sufficient  to  have  on  file  the  pay-rolls  and  receipted  bills  for 
one  or  more  past  pieces  of  work  of  character  similar  to  that  of  the 
one  for  which  the  estimate  is  being  made.  It  is  seldom  practicable, 
at  the  time  of  preparing  a  preliminary  estimate,  to  take  the  time 
to  extract  the  useful  data  from  a  great  mass  of  original  records 
of  construction,  and  as  a  result  many  an  estimate  is  made  in  an 
office  stored  with  original  records  which,  though  filled  with 
potentially  usable  data,  lend  little  or  no  aid  to  the  estimator. 

The  original  records  of  construction  costs  should  be  studied, 
sorted,  and  sifted  as  soon  as  made,  or  as  soon  thereafter  as 
practicable;  selected  data  should  be  tabulated;  and  ratios,  rela- 
tions, and  laws,  which  may  be  of  direct  use  in  making  preliminary 
estimates,  should  be  derived  from  the  data  and  recorded  in  the 
shape  of  formulas,  or  tables,  or  charts,  all  of  which  should  be 
accompanied  by  descriptions  of  all  pertinent  circumstances  and 
conditions  of  the  work  from  which  the  data  are  drawn. 

In  short,  the  data  of  experience  should  be  reduced  to  their 
lowest  or  most  convenient  terms  at  the  earliest  opportunity. 

The  point  of  the  foregoing  paragraph  may  be  emphasized  by  quoting 
Dr.  J.  A.  L.  Waddell: 

"In  concluding  this  chapter  on  'Office  Practice'  the  author  desires  to 
call  again  the  reader's  attention  to  the  necessity  for  adopting  the  most 
systematic  methods  possible  for  doing  all  kinds  of  work,  keeping  all 
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kinds  of  records,  and  filing  all  kinds  of  accumulated  material.  As  soon 
as  a  large  piece  of  work  is  finished  a  thorough  systemization  should  be 
made  of  the  knowledge  obtained  in  making  both  the  design  and  the 
various  calculations,  so  that  the  office  force  shall  be  able  to  use  the  same 
to  the  best  possible  advantage  when  starting  on  another  piece  of  work. 
And  whenever  there  is  any  spare  time  in  the  office  for  any  of  the  employ- 
ees it  should  be  devoted  to  accumulating,  digesting,  and  putting  in 
convenient  form  for  use  the  results  of  previous  investigations,  and  to 
doing  such  work  as  tabulating  and  recording  on  diagrams  the  weights  of 
metal  per  lineal  foot  of  span  for  bridges  of  all  kinds. 

"Finally,  in  bringing  this  little  treatise  to  a  close  the  author  feels  that 
he  cannot  do  better  than  repeat  from  chap,  ii  the  following  principle: 
'The  systemization  of  all  that  one  does  in  connection  with  his  profes- 
sional work  is  one  of  the  most  important  steps  that  can  be  taken  toward 
the  attainment  of  success.'  "^ 

820.  Attention  has  been  called  previously  to  the  use  of  specially 
ruled  paper  as  a  practical  advantage  to  the  estimator  in  taking  off 
quantities;  and  to  the  desirability  of  making  lists  of  cost  elements 
entering  into  total  costs  of  structures,  and  perfecting  those  lists 
as  experience  dictates.  Such  lists  not  only  save  time,  which  may 
be  a  point  of  great  moment  in  some  cases,  but  also  reduce  greatly 
the  risk  of  errors  of  omission. 

821.  The  estimator  preserves  a  copy  of  every  estimate  that  he 
makes,  not  only  for  the  purpose  of  meeting  any  question  that  may 
arise  in  regard  to  the  estimate,  but  also  as  an  addition  to  his  stock 
of  estimating  data. 

According  to  present  custom,  a  constructor  or  producer,  in  preparation 
for  bidding  on  a  job,  makes  an  estimate  of  cost  of  the  job.  If,  say,  ten 
bids  are  made  for  one  job,  then  there  will  be  nine  estimates  made  in 
vain,  because  only  one  of  the  bidders  will  obtain  the  job.  The  cost  of 
making  estimates  for  unsuccessful  bids  is  a  part  of  the  bidder's  general 
or  overhead  expense,  and  is  all  charged  to  and  helps  swell  the  costs  of 
the  jobs  that  he  does  get. 

Thus  in  every  constructor's  and  producer's  office,  the  number  of 
estimates  made  is  many  times  the  number  of  production  or  construction 
jobs  secured.  The  estimator  in  such  an  office  therefore  automatically 
increases  his  stock  of  estimating  data  quite  rapidly. 

822.  In  former  years  it  was  not  the  practice  of  business  units 
to  permit  any  of  their  cost  records  to  be  given  to  outside  parties, 
but  more  recently  business  units  are  releasing  some  of  their  cost 

1  De  Pontibus,  a  Pocket  Book  for  Bridge  Engineers  (New  York:  John  Wiley 
&  Sons),  p.  346. 
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records.     Thus  the  estimator  has  now  the  resource  of  a  great 
variety  of  published  cost  data. 

823.  If  the  estimator  is  working  in  the  office  of  a  constructor 
or  producer,  his  best  source  of  cost  data  should  be  the  cost  records 
of  work  done  by  the  constructor  or  producer,  or  of  work  in 
progress.  But  some  cost  records  of  construction  and  of  produc- 
tion give  little  more  than  pay-rolls  and  invoices  of  materials  and 
plant — the  bookkeeper's  records.  In  order  that  construction  or 
production  may  yield  the  various  kinds  of  cost  data  required  by 
the  estimator,  there  must  be  kept  on  the  work  a  specially  devised 
set  of  records,  supplementing  the  bookkeeper's  records.  De- 
vising and  keeping  such  supplementary  records  is  called  costing, 
or  cost  accounting,  or  cost  keeping,  which  is  described  in  chap. 

XIV. 


CHAPTER  IX 

BUSINESS  UNITS 

Use  of  Borrowed  Capital — The  Individual  Business  — The 
Partnership 

901.  Engineering  Economics  deals  with  those  business  prob- 
lems which  require  for  their  solution  more  or  less  knowledge  of 
engineering.  Business  problems  differ  one  from  another  in  many 
ways,  but  they  all  have  this  in  common :  for  each  one  of  them 
some  or  all  of  the  characteristics  of  the  business  unit  concerned 
are  pertinent  data. 

It  follows  therefore  that  the  characteristics  of  the  business  unit 
are  among  the  elements  of  Engineering  Economics.  The  chief 
characteristics  of  a  business  unit  are  represented  in  its  organiza- 
tion, control,  management,  and  methods  of  raising  capital. 

It  is  the  purpose  of  this  chapter  and  the  two  following  to 
give  the  student  some  picture  of  the  structure  and  working  of 
each  of  four  kinds  of  business  units. 

It  is  hoped  that  the  statements  of  legal  doctrine  made  in  these 
chapters,  although  purely  incidental  to  the  primary  purpose  of 
the  chapters,  are  accurate.  Perhaps  however  it  is  necessary  to 
warn  the  reader  that  no  such  brief  and  incidental  statement  can 
safely  be  made  the  basis  of  any  extension  by  inference.  In  any 
concrete  business  situation  involving  a  legal  problem  the  engineer 
must  call  to  his  aid  competent  legal  advice. 

Before  entering  upon  a  description  of  the  business  units  it  will 
be  well  to  consider  the  custom,  universal  among  private  business 
units,  of  using  more  or  less  borrowed  capital,  and  to  learn  the 
cause  of  the  custom  and  some  of  its  effects. 

USE  OF  BORROWED  CAPITAL 

902.  Carrying  on  business  with  capital  of  which  one  part  is 
borrowed  and  secured  by  the  other  part  owned,  is  sometimes 
called  trading  on  the  equity. 

86 
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The  owner's  equity  is  his  right  to  that  part  of  his  own  property  which 
may  be  over  and  above  the  contingent  right  given  by  him  as  security 
to  his  creditor. 

The  cause  and  effects  of  trading  on  the  equity  are  most  readily 
discovered  by  considering  a  numerical  example : 

Example 

Smith  carries  on  a  business  for  a  year  with  his  own  capital,  $10,000; 
with  a  resulting  yield  of  $2000,  or  20%  on  his  capital. 

He  then  borrows  $5000  at  10%,  pledging  his  own  capital  as  security, 
and  puts  it  into,  and  thereby  expands,  the  business.  During  this 
second  year  t^he  business  yields  $3000,  out  of  which  he  must  pay  $500 
as  interest  on  the  borrowed  $5000,  leaving  him  $2500  net  from  the 
business. 

Now  this  net  result,  $2500,  has  been  made  possible  by  Smith's  owner- 
ship of  the  $10,000  to  serve  (1)  as  part  of  the  business  capital,  and  (2) 
as  security  to  obtain  the  other  (borrowed)  part  of  the  business  capital. 
Hence  $2500  net  (the  total  return,  $3000,  from  the  business,  less  the 
$500  paid  for  use  of  the  borrowed  $5000)  is  properly  the  yield  on  Smith's 
$10,000  capital.  Thus  the  second  year,  through  the  use  of  $5000 
borrowed  capital,  he  has  increased  the  yield  on  his  own  capital  from  20 
to  25  % — a  strong  incentive  to  doing  business  on  borrowed  money. 

But  the  whole  of  Smith's  story  has  not  been  told.  Suppose  that 
during  the  third  year,  the  business,  capitalized  as  during  the  second 
year,  yields  only  $500.  The  whole  $500  is  absorbed  by  interest  so  that 
the  yield  on  his  own  capital  as  a  result  of  the  whole  business  is  zero. 
Had  he  used  only  his  own  capital  in  the  business  his  yield  would  have 
been  $333.33,  or  SH%  on  his  investment,  $10,000. 

903.  The  foregoing  example  makes  it  clear  that  if  part  of 
the  capital  used  in  a  business  is  borrowed,  the  yield  derived 
from  the  owned  capital  is  augmented  or  diminished  (as  the  case 
may  be)  by  the  difference  between  the  operating  income  derived 
from  the  borrowed  capital  and  the  interest  paid  for  use  of  that 
capital. 

Thus,  if  we  consider  the  owner's  annual  yield  on  his  capital, 
borrowing  holds  out  the  advantage  of  making  good  business 
better;  but  at  the  same  time  threatens  the  disadvantage  of 
making  bad  business  worse. . 

904.  Trading  on  the  equity  may,  at  a  time  of  bad  business, 
result  not  only  in  reducing  the  owner's  yield  to  zero  as  we  have 
seen,  but  in  reducing  his  equity  to  zero,  that  is,  in  his  losing  all 
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of  his  capital.  The  greater  the  ratio  of  borrowed  to  owned 
capital,  the  greater  of  course  is  the  risk  of  losing  the  owned  capital 
at  a  time  of  declining  business. 

The  worst  of  Smith's  story  is  still  ahead : 

In  the  fourth  year,  the  business,  capitaUzed  with  $10,000  of  owned 
capital  and  $5000  borrowed,  failed  to  yield  anything  over  operating 
cost;  the  interest  due  on  the  borrowed  $5000  was  defaulted;  the  lender 
of  the  $5000  foreclosed ;  the  assets  of  the  business  were  put  up  at  public 
sale  by  the  sheriff;  and,  because  of  the  general  depression,  brought  in 
all  together  only  $5500 — just  enough  to  pay  Smith's  debt  with  interest. 
Thus  Smith's  story  and  his  equity  in  the  business  terminate 
simultaneously. 

If  during  the  fourth  year  Smith  had  used  only  his  own  capital,  he 
would  have  cleared  nothing  on  the  business,  to  be  sure,  but  he  could 
have  continued  safely  in  business  by  disposing  of  a  small  part  of  his 
assets  (at  a  sacrifice  if  necessary)  or  by  borrowing  the  needful  amount 
(and  this  he  could  have  readily  done,  because  his  assets  would  have 
been  clear  of  encumbrance).  He  would  have  lost  income  and  some 
small  part  of  his  capital  perhaps,  but  he  would  have  held  a  safe  grip  on 
the  bulk  of  the  capital  and  so  been  ready  to  take  advantage  of  coming 
improvement  in  business  conditions. 

905.  Risk  to  the  lender  (as  well  as  to  the  borrower)  is  in  pro- 
portion to  ratio  of  borrowed  to  owned  capital;  and  the  lender 
aims  to  proportion  the  interest  rate  to  the  risk.  Hence,  for  each 
succeeding  increment  of  borrowed  capital  the  higher  is  likely 
to  be  the  interest  charge;  and  hence  the  smaller  may  be  the 
net  return  (i.e.,  the  income  derived  from  the  borrowed  incre- 
ment less  the  cost,  including  interest,  of  deriving  it)  on  the  incre- 
ment borrowed,  which  net  return  is  the  incentive  for  borrowing 
the  increment. 

From  this  it  follows  that  the  owner's  incentive  grows,  up  to  a 
certain  total  of  borrowed  money;  then  diminishes  as  the  total  is 
increased;  and  at  some  point  becomes  zero. 

906.  The  owner's  incentive  to  borrow  is  partially  counter- 
acted by  the  fact  that  each  additional  increment  of  borrowing 
further  jeopardizes  his  own  capital,  as  we  have  seen.  The 
sagacious  owner  will  not  make  an  additional  borrowing  unless  the 
promised  net  return  thereon  is  several  per  cent  of  the  sum  bor- 
rowed— 3  to  10%  or  upward,  according  to  the  risk  as  judged 
by  the  borrower. 
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907.  Summing  up,  the  incentive  to  trading  on  the  equity  is  the 
owner's  expectation  of  increasing  the  annual  increment  of  his 
ownership  in  spite  of  the  fact  that  his  own  capital  is  limited.  The 
drawbacks  to  such  trading  are  (1)  that  borrowing  makes  bad 
business  worse  (although  it  may  make  good  business  better) ,  and 
furthermore  (2)  that  borrowing  introduces  the  risk  of  the  owner's 
losing  all  of  his  capital  when  business  is  depressed. 

908.  Considering  the  foregoing  facts  together,  we  should  expect 
the  prudent  owner  of  a  business  to  diminish  his  borrowed  capital 
in  anticipation  of  declining  business,  and  increase  it  again  in 
anticipation  of  a  business  revival. 

THE  INDIVIDUAL  BUSINESS 

909.  We  are  well  acquainted  with  the  sole  proprietor,  the 
owner  of  the  one-man  business:  drayman,  butcher,  baker,  black- 
smith, shopkeeper,  farmer,  and  so  on. 

Any  person  may  start  and  carry  on  almost  any  kind  of  busi- 
ness (there  are  exceptions)  without  let  or  hindrance  from  the 
government. 

Among  the  exceptions:  Lotteries,  for  example,  are  prohibited  in  the 
United  States  by  law;  drug  stores  are  licensed  by  the  state,  tobacco 
shops  by  the  federal  government,  and  laundries  by  the  municipal. 

910.  The  individual  business  is  owned  solely  by  an  individual 
— hence  the  name  ''sole  proprietor."  All  credits  and  profits 
belonging  to  the  business  are  the  individual  property  of  the  sole 
proprietor. 

911.  All  debts  incurred  in  the  business  are  by  law  the  personal 
debts  of  the  sole  proprietor.  He  is  said  to  have  unlimited  personal 
liability  for  the  debts  of  the  business. 

For  example,  A  owns  a  business  and,  besides,  $10,000's  worth  of 
property,  partly  in  other  ventures  and  partly  in  his  home.  The  business 
fails  with  liabilities  exceeding  assets  by  $10,000.  The  creditors  of  the 
business  can  lay  hold  on  the  outside  $10,000's  worth  of  property. 
(Exception :  some  state  laws  exempt  certain  household  goods  and  trade 
tools  from  claims  of  creditors.) 

912.  The  owner  of  the  individual  business  has  absolute  and  un- 
divided control  of  the  business  so  long  as  he  meets  his  obligations. 

One  who  lends  capital  to  the  sole  proprietor  acquires  thereby 
a  contingent  control,  that  is,  a  potential  control  whose  change  to 
active  participation  in  control  is  contingent  upon  failure  of  the 
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sole  proprietor  to  meet  his  obligations  to  the  lender.  The  lender 
can  merely  sit  by  so  long  as  interest  and  principal  are  paid 
according  to  terms  of  agreement.  There  is  nothing  however  to 
prevent  the  lender's  taking  advantage  of  his  position  when  the 
business  is  declining,  to  give  advice  to  the  sole  proprietor,  which 
advice  the  proprietor  is  free  to  accept  or  reject;  but  the  lender 
has  no  legal  control  until  and  unless  the  proprietor  fails  in  liis 
obligations  to  the  lender. 

913.  The  sole  proprietor  may  manage  the  business  personally, 
or  through  one  or  more  agents;  but  these  agents  are  merely  his 
employees,  responsible  solely  to  him,  who  hires  and  dismisses  them 
at  pleasure. 

914.  We  have  seen  that  to  the  owner  of  a  business  there  is  the 
temptation,  if  the  business  be  good,  to  employ  more  or  less 
borrowed  capital.  The  sole  proprietor  as  a  rule  employs 
borrowed  capital  with  his  own. 

He  borrows  of  his  bank  {i.e.,  of  the  bank  which  he  patronizes) 
or  of  capitalists. 

He  gives  his  note  for  the  money  borrowed,  and  he  may  be 
required  to  give  some  kind  of  security  for  the  payment  of  the 
note,  and  is  the  more  Hkely  to  be  required  to  give  security  the 
larger  the  sum  borrowed. 

He  may  give  as  security  a  mortgage  on  some  of  his  property,  or 
deposit  with  his  creditor  as  collateral  any  negotiable  instruments  {e.g., 
promissory  notes,  certificates  of  deposit,  bonds,  bills  of  exchange)  that 
he  may  own. 

If  the  sum  needed  is  very  large  so  that  there  is  little  likelihood  of 
obtaining  the  sum  from  a  few  capitalists,  the  sole  proprietor  can  issue 
and  sell  a  series  of  bonds,  which  are  promises  to  pay  equal  sums  of 
money  under  certain  conditions,  and  are  usually  secured  by  one  mort- 
gage held  by  a  trustee.  However,  long  term  bonds,  10  yr.  or  more, 
issued  by  a  sole  proprietor  are  not  likely  to  sell  to  advantage,  because  of 
the  uncertainties  as  to  what  10  yr.  of  time  may  do  to  a  sole  proprietor. 

915.  If  the  sole  proprietor  sets  about  expanding  his  business 
beyond  the  limit  of  his  own  capital  and  credit,  he  finds  it  neces- 
sary to  obtain  the  additional  capital  needed  by  taking  in  one 
or  more  partners  (thereby  changing  the  business  unit  from  an 
individual  business  to  a  partnership),  or  by  incorporating  the 
business  (thereby  converting  the  individual  business  into  a 
private  corporation). 
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916.  In  any  individual  business  the  yield  is  likely  to  fluctuate 
from  year  to  year,  even  if  there  is  first  class  management.  The 
risk  that  the  yield  may  be  meager  or  nothing,  or  even  negative 
(z.e.>  a  loss),  depends  upon  the  kind  of  business,  the  location, 
the  total  capital  employed;  the  ratio  of  borrowed  capital  to  the 
total,  and  the  general  poUcies  pursued  (factors  controlled  by  the 
owner) ;  and  upon  the  routine  of  operation,  under  the  direction  of 
the  manager,  who  may  be  either  the  owner  of  the  business  or  his 
employee. 

The  risk  of  losing  capital  is,  as  we  have  seen,  proportionate 
to  the  ratio  of  borrowed  capital  to  the  total  capital  used  in  the 
business;  and  fixing  this  ratio  is  a  function  of  control.  And  it 
may  be  well  to  repeat  here  that  since  under  the  law,  all  his  capital 
— that  outside  as  well  as  that  inside  the  business — is  subject  to 
claims  against  the  business,  this  risk  pertains  to  all  his  capital. 

THE  PARTNERSHIP 

917.  A  partnership,  also  called  a  ''firm,"  is  a  business  unit  or 
association  formed  by  a  mutual  agreement  of  two  or  more  persons. 

918.  The  ordinary  partnership  enters  into  business  with  as 
little  restriction  from  government  as  does  the  sole  proprietor. 

919.  The  articles  of  agreement  creating  the  partnership  usually 
include:  (1)  the  amount  of  capital  to  be  provided  by  each  partner, 
(2)  the  services  to  be  contributed  by  each,  (3)  the  share  that  each 
shall  take  in  the  management  (the  firm  may  delegate  the  manage- 
ment to  one  or  more  employees),  (4)  the  proportions  in  which  the 
profits  are  to  be  divided  among  the  partners,  (5)  the  proportion  of 
losses  to  be  borne  by  each,  and  (6)  the  proportion  of  the  firm's 
property  each  shall  receive  on  dissolution  of  the  partnership. 

This  partnership  agreement  may  be  changed  by  mutual  consent 
of  the  partners  at  any  time. 

The  business  is  owned  by  the  partners  jointly,  and  the  partners 
therefore  have  joint  interest  in  the  credits  and  profits  of  the 
business. 

The  peculiar  nature  of  the  individual  partner's  interest  in  the 
firm  property  is  indicated  in  the  succeeding  paragraphs. 

920.  The  withdrawal  of  a  partner,  the  death  or  insolvency  of 
a  partner,  or  the  sale  of  his  interest  by  a  partner,  dissolves  the 
partnership.  Partners  A  and  B  cannot  take  C  into  their  existing 
partnership;  but  A  and  B  may  dissolve  the  existing  partnership 
and  with  C  form  a  new  partnership  by  a  new  mutual  agreement. 
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If  a  partnership  is  formed  for  a  specified  period  of  time,  the  with- 
drawal of  a  partner  before  the  end  of  the  period  may  give  ground  for 
damage,  but  nevertheless  dissolves  the  partnership. 

If  a  partnership  is  dissolved  by  the  sale  of  his  interest  by  one  of  the 
partners,  the  remaining  partner  or  partners  may  form  a  new  partnership 
with  the  purchaser  under  a  new  mutual  agreement. 

When  a  partnership  is  dissolved  for  any  reason,  any  assets 
remaining  after  all  debts  of  the  partnership  have  been  paid  are 
distributed  to  the  partners  in  proportions  prescribed  by  the 
partnership  agreement. 

921.  Partners  may  or  may  not  contribute  equal  sums  of 
capital,  but  in  every  case  they  have  equal  powers  of  control  of 
the  business.  Each  partner  of  the  firm  may  transact  the  business 
of  the  firm  to  the  extent  authorized  by  the  partnership  agreement 
(§919,  (3)). 

As  to  persons  who  do  not  know  or  have  not  been  put  on  notice  of  the 
provisions  of  the  terms  of  partnership  agreement,  the  firm  is  bound  by 
the  act  of  a  partner  whether  or  not  the  act  exceeds  the  authority  given 
by  the  agreement.  But  if  one  did  know,  in  contracting  with  a  particular 
partner,  that  this  partner  was  exceeding  his  authorized  powers  of 
management  the  contract  or  other  act  would  not  bind  the  firm.  A  firm 
may  be  fairly  well  protected  by  giving  notice  to  regular  customers  or 
creditors. 

A  managing  partner  usually  may  buy  and  sell  the  goods  in  which  the 
firm  deals;  borrow  money  for  use  of  the  firm;  pay  the  firm's  debts  out  of 
its  money;  receive  and  receipt  for  money  owed  to  the  firm;  and  hire  and 
discharge  employees  of  the  firm :  taking  each  individual  action,  it  may 
be,  without  the  other  partners'  specific  consent  for  it  or  knowledge  of  it. 
Thus  it  is  plain  that  the  business  welfare  of  each  partner  is  largely  in  the 
hands  of  each  of  the  managing  partners. 

922.  Each  partner  is  personally  liable  for  all  debts  of  the  firm. 
Unsatisfied  creditors  bring  action,  not  against  the  firm,  but 
against  the  partners  jointly  and  severally. 

For  example,  A  and  B  form  a  partnership,  A  putting  in  all  his  capital, 
and  B  all  of  his  except  $100,000  which  he  has  invested  elsewhere.  The 
firm  fails  with  assets  $100,000  short  of  liabilities.  The  creditors  may 
legally  lay  hold  of  all  of  B's  outside  capital  to  satisfy  their  claims. 

Exception:  Some  states  authorize  ''limited  partnerships"  in  which 
all  except  one  partner  may  be  limited  in  liability  for  firm  debts  to  the 
extent  of  the  capital  which  they  have  contributed;  and  in  such  cases  the 
limited  partnership  agreement  is  required  to  be  made  of  public  record 
for  the  protection  of  outside  persons. 
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923.  The  partnership  business  unit  enjoys  the  same  oppor- 
tunities to  borrow  capital  as  are  enjoyed  by  the  sole  proprietor, 
and  has  the  same  incentive  as  he  for  using  borrowed  capital. 
A  partnership  may  increase  its  capital  by  taking  in  a  new  partner 
who  will  contribute  capital  (this  means  dissolving  the  existing 
partnership  and  forming  a  new  one  including  the  new  partner). 
Practically  there  is  a  limit  to  numbers  in  a  partnership,  and  conse- 
quently there  is  a  limit  to  the  capital  which  a  partnership  can 
control.  This  limitation  of  the  partnership  has  given  rise,  at  the 
coming  of  large  enterprises,  like  railroads,  to  another  form  of 
business  unit,  the  corporation,  to  which  we  presently  turn 
our  attention. 

924.  The  discussion  on  risks  run  by  the  sole  proprietor  applies 
to  the  risks  of  the  partnership.  Each  partner,  however,  runs  one 
risk  that  is  not  run  by  a  sole  proprietor,  namely,  that  of  loss 
through  unwise  or  unfriendly  or  dishonest  acts  of  one  or  more 
partners.  And,  too,  it  should  not  be  forgotten  that  all  of  a 
partner's  capital  placed  outside  the  partnership  business,  as 
well  as  that  placed  in  the  business,  is  exposed  to  the  risk  of  being 
taken  to  satisfy  the  debts  of  the  firm. 


CHAPTER  X 
BUSINESS  UNITS  (CONTINUED) 

Private  Corporation 

1001.  With  the  coming  of  enterprises  Hke  the  canal  and  railroad, 
requiring  a  much  greater  capital  than  could  be  marshalled  by  any 
practicable  partnership,  another  kind  of  business  unit  was  needed, 
capable  of  raising  the  larger  quantities  of  capital.  The  private 
corporation  was  introduced  to  fill  this  need. 

1002.  The  private  corporation  is,  like  the  partnership,  a  business 
unit,  but  it  is  sharply  differentiated  from  the  partnership  by  the 
possession  of  the  following  characteristics :  (1)  it  is  created  by 
law  or  under  specific  authority  of  law;  (2)  its  powers  and  Habili- 
ties  are  given  and  prescribed  by  law,  and  are  separate  and  distinct 
from  those  of  its  members;  and  (3)  its  life  is  fixed  by  law  and  un- 
affected by  all  changes  that  may  occur  in  its  membership.  A 
corporation  can  sue,  or  be  sued  by,  one  of  its  own  members. 
In  fact,  in  the  law  books  the  corporation  is  often  called  an 
artificial  person. 

1003.  The  powers  of  a  private  corporation  are  limited  to  such  as 
are  specificially  given  by  or  under  the  law  and  to  such  others  as 
may  be  needful  for  effecting  the  authorized  acts  and  purposes  of 
the  corporation.  All  corporations  are  not  given  the  same  powers, 
but  all  have  the  following  powers:  (1)  to  make  contracts  in 
furtherance  of  the  authorized  purposes  of  the  corporation  (to 
borrow  money,  to  give  security,  to  issue  negotiable  paper,  to  sell 
its  property,  to  buy  property  in  furtherance  of  its  authorized  pur- 
poses), and  (2)  to  sue  and  be  sued. 

CREATION  AND  ORGANIZATION 

1004.  By  far  the  greater  number  of  our  corporations  have  been 
created  under  general  corporation  laws  enacted  by  state  legisla- 
tures under  authority  of  state  constitutions.  The  general 
corporation  laws  differ  materially  from  state  to  state. 
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1005.  Some  corporations  have  been  created  by  and  under  Acts  of 
Congress.  These  include:  national,  federal  reserve,  farm  loan,  and 
foreign-business  banks;  certain  transcontinental  railroads;  and  certain 
private  corporations  in  the  District  of  Columbia. 

1006.  The  legal  procedure  for  the  incorporation  of  an  ordinary 
business  unit  is,  in  very  general  terms,  as  follows:  The  interested 
parties,  called  incorporators,  file  with^  a  designated  state  officer 
(usually  the  secretary  of  state)  a  paper  prepared  as  prescribed 
by  law  and  called  articles  of  incorporation,  and  receive  from  him 
a  paper  called  a  certificate  of  incorporation.  (See  Appendix  A  for 
specimens  of  these  papers.) 

While  the  procedure  in  every  state  is  in  general  terms  virtually 
that  described  above,  there  is  variation  in  detail  from  state  to 
state. 

1007.  In  California  the  prescribed  procedure  is  in  essence  as  follows: 
Three  or  more  persons,  two  thirds  of  whom  must  be  residents  of  the 
state,  associate  as  incorporators  and  draw  up  articles  of  incorporation, 
which  articles  they  then  acknowledge  {i.e.,  subscribe  to  before  a  notary 
public),  and  file  in  the  office  of  the  county  clerk  of  the  county  in  which 
the  principal  business  of  the  company  is  to  be  transacted.  The  county 
clerk  issues  to  the  incorporators  a  certified  copy  of  the  articles  as  filed. 
The  incorporators  file  the  certified  copy  with  the  Secretary  of  State  for 
Calif  orniaj  who  then  issues  to  the  incorporators  a  certificate  of  incorpora- 
tion declaring  that  a  copy  of  the  articles  in  due  form  has  been  filed  in 
his  office.  The  issuance  of  this  certificate  is  the  final  step  in  the  pro- 
cedure of  incorporation,  and  from  the  instant  of  issuance,  the  incor- 
porators and  their  associates  and  successors  become  a  "body  politic 
and  corporate,"  the  life  of  the  corporation  begins. 

1008.  The  articles  of  incorporation  in  California,  a  specimen  of  which 
is  given  in  Appendix  A,  must  set  forth  the  following:  (1)  the  name  of  the 
corporation;  (2)  the  purpose  for  which  it  is  formed;  (3)  the  place  where 
its  principal  business  is  to  be  transacted;  (4)  the  term  of  its  life,  not  to 
exceed  fifty  years;  (5)  the  number  of  its  directors,  three  or  more;  (6)  the 
names  and  residences  of  the  persons  designated  as  directors  for  the  first 
year;  (7)  the  amount  of  its  capital  stock  and  the  number  of  shares  into 
which  the  capital  stock  is  divided ;  and  (8)  the  amount  of  capital  stock 
actually  subscribed,  together  with  the  names  of  the  subscribers. 

1009.  The  articles  of  incorporation  for  a  railroad  or  telegraph  organi- 
zation must  set  forth  in  addition  to  the  foregoing  the  following:  (9)  the 
kind  of  road  or  telegraph  intended;  (10)  the  proposed  termini  and 
branches;  (11)  the  estimated  length  of  the  line;  and  (12)  the  fact  that 
not  less  than  8%  of  the  subscribed  capital  stock  has  been  paid 
in  to  the  treasurer  of  the  proposed  corporation. 
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1010.  A  specimen  articles  of  incorporation  and  a  specimen  certificate 
of  incorporation,  relating  to  a  California  corporation,  are  presented  in 
Appendix  A. 

1011.  The  articles  of  incorporation  and  the  corporation  laws 
under  which  the  articles  are  issued  may  be  considered  as  together 
constituting  the  charter  of  the  corporation. 

The  earlier  corporations  of  this  country  were  created  by  the  state 
not  under  general  corporation  laws  but  each  by  special  legislative  act 
called  the  corporation  ''charter." 

1012.  The  charter  prescribes  only  a  few  points  for  the  organiza- 
tion of  the  corporation  and  the  management  of  its  affairs.  Such 
further  rules  and  regulations  as  may  be  necessary  or  desirable  for 
effective  organization  and  management  are  formulated  and 
adopted  as  by-laws  by  the  corporation  itself  by  vote  of  its 
stockholders. 

The  by-laws  must  not  be  inconsistent  with  the  articles  of  incorpora- 
tion, or  with  the  constitution  or  laws  of  the  state  or  of  the  United 
States. 

The  by-laws  usually  contain,  besides  the  provisions  supplementary 
to  the  charter,  a  simple  restatement  of  the  articles  of  incorporatio^i  and 
of  the  laws  under  which  the  articles  are  issued,  not  as  a  legal  require- 
ment but  merely  for  the  convenience  of  the  officers  and  agents  of  the 
corporation. 

The  by-laws  usually  contain  all  necessary  provisions  as  to  stock, 
stockholders,  directors,  standing  committees,  officers,  dividends,  finance, 
amendments,  etc. 

1013.  If  in  the  charter  no  other  provision  has  been  made,  a  California 
corporation  is  authorized  to  prescribe  in  its  by-laws:  (1)  all  procedure  in 
respect  to  meetings — calhng,  place,  conducting — of  stockholders  and  of 
directors;  (2)  the  number  constituting  a  quorum  in  meetings  of  stock- 
holders and  of  directors;  (3)  the  manner  of  voting;  (4)  the  qualifications 
and  duties  of  directors;  and  (5)  the  manner  of  appointing  officers  other 
than  directors,  together  with  their  compensations  and  duties. 

1014.  In  California  the  stockholders  must  adopt  by-laws  within  one 
month  after  the  certificate  of  incorporation  is  issued. 

If  the  by-laws  are  to  be  adopted  at  a  meeting  of  stockholders,  two 
weeks'  notice  of  the  meeting  must  be  given  by  the  acting  president  by 
advertisement  in  some  newspaper  published  in  the  county  in  which  the 
principal  place  of  business  of  the  corporation  is  located,  or,  such  paper 
being  non-existant,  in  a  paper  published  in  an  adjoining  county;  and  at 
such  meeting  the  assent  of  the  stockholders  representing  a  majority  of  all 
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the  subscribed  capital  stock  is  necessary  to  the  adoption  of  the  by-laws. 
By-laws  may  be  adopted  without  a  meeting  of  stockholders,  by  the  writ- 
ten assent  of  the  stockholders  representing  two  thirds  of  the  subscribed 
capital  stock. 

As  each  corporation  makes  its  own  by-laws  we  should  not  expect  to 
find  those  of  any  two  corporations  just  alike.  In  general  the  length 
and  comprehensiveness  of  a  set  of  by-laws  will  correspond  to  the  number 
of  purposes  of  the  corporation  and  the  magnitude  of  its  business. 

1015.  A  specimen  of  recent  by-laws  of  a  California  corporation  is  given 
in  Appendix  A. 

OWNERSHIP 

1016.  The  capital  stock  of  a  private  corporation  is  the  total 
number  of  equal  shares,  or  the  total  par  value  of  the  equal  shares, 
into  which  the  right  of  ownership  in  the  corporation  is  divided, 
as  set  forth  in  the  articles  of  incorporation.  Each  share  is  a 
share  of  stock.  The  owner  of  one  or  more  shares  is  a  member  or 
stockholder  of  the  corporation, 

1017.  Very  commonly  each  share  of  stock  has  a  par  value  or  face  value 
of  $100.  Some  corporations,  such  for  example  as  those  engaged  in 
mining,  fix  the  par  value  of  their  stock  at  $1  or  even  less.  And  a  few 
corporations  assign  no  par  value  to  a  share.  Whatever  the  par  value 
may  be,  the  actual  value  of  a  share  of  stock  is  what  it  will  sell  for. 

1018.  The  corporation,  through  its  officers,  issues  to  each  stockholder 
a  stock  certificate  in  testimony  of  the  fact  that  he  is  by  name  registered  in 
the  books  of  the  corporation  as  owner  of  a  certain  number  of  shares  of 
stock  of  a  stated  par  value.  Usually  a  stock  certificate  is  issued  to  a  sub- 
scriber for  certain  shares  of  stock  only  after  he  has  paid  in  the  par  value 
of  the  stock  in  cash  or  in  property  declared  by  the  board  of  directors  to 
be  of  the  par  value. 

1019.  A  stockholder  may  sell  any  number  of  his  shares  at  the  best 
price  he  can  get.  The  seller  writes  on  the  back  of  his  certificate  an 
authorization  for  the  buyer  to  have  the  buyer's  name  substituted  for 
the  seller's  on  the  corporation  books. 

If  this  authorization  is  written  with  the  buyer's  name  left  blank  the 
certificate  may  pass  from  buyer  to  buyer  in  succession  until  some  buyer 
finds  it  desirable  to  insert  his  name  and  have  his  name  substituted  on  the 
books  for  the  name  of  the  seller  to  whom  the  certificate  was  originally 
issued. 

When  the  buyer's  name  is  substituted  for  the  seller's  on  the  books  of 
the  corporation,  the  corporation  issues  a  new  stock  certificate  to  the 
buyer,  and  cancels  the  old. 

1020.  Such  of  the  income  of  the  corporation  as  may  be  over  and 
above  that  required  to  pay  all  running  expenses  and  fixed  charges 
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and  to  maintain  the  capital,  is  net  income.  In  this  net  income 
each  shareholder  has  an  interest  proportional  to  the  number  of 
shares  he  holds,  but  he  cannot  legally  receive  any  part  of  it  except 
in  the  form  of  dividends. 

The  total  of  dividends  received  by  the  shareholders  for  any  given 
period  of  time  may  be  greater  or  very  much  less  than  the  net  income  for 
that  period,  according  to  circumstances.     See  §1025. 

1021.  In  case  of  dissolution,  each  stockholder  receives  his 
share  (proportionate  to  the  number  of  shares  of  stock  he  owns)  of 
the  property  remaining  to  the  corporation  after  all  debts  of  the 
corporation  have  been  paid. 

If  all  of  the  corporate  property  is  taken  for  debt  at  dissolution,  each 
share  of  stock  will  be  worthless. 

1022.  The  corporation  is  liable  for  the  debts  which  the  directors 
or  officers  have  with  due  authority  contracted.  The  corporation 
may  be  liable,  under  the  laws  of  many  of  the  states,  also  for 
certain  other  debts — for  example,  debts  contracted  outside  of 
the  due  authority  of  the  directors  or  officers  but  for  which  inno- 
cent creditors  have  given  value  to  the  corporation.  The  corpora- 
tion may  be  liable  also  for  damages  on  account  of  wrongs  done  by 
the  directors  or  officers  acting  on  behalf  of  the  corporation. 
(Any  such  wrong  is  of  course  without  due  authority,  for  no  cor- 
poration is  authorized  by  law  ever  to  do  wrong.)  The  creditors  of 
the  corporation  may  lay  hold  of  the  corporate  property  to 
satisfy  over-due  claims;  but  they  may  not  lay  hold  of  property 
belonging  to  individual  stockholders,  except  (1)  property  of  origi- 
nal stockholders  who  have  paid  in  less  than  the  par  value  of  their 
stock,  and  then  only  to  the  extent  of  the  shortage;  and  (2)  when 
the  charter  prescribes  some  personal  liability,  and  then  only  to  the 
extent  of  the  prescribed  liability. 

The  constitution  of  the  state  of  California  makes  a  stockholder  in  any 
corporation  personally  liable  for  such  proportion  of  corporate  debt  as 
the  number  of  his  shares  at  the  time  the  debt  was  incurred  bear  to  the 
total  of  subscribed  shares. 

In  some  states — Ohio  for  example — the  stockholder  is  not  personally 
liable  for  the  debts  of  the  corporation  except  to  the  extent  of  the  differ- 
ence between  the  par  value  of  such  shares  as  he  may  have  subscribed 
for  and  the  sum  that  he  has  paid  in  on  those  shares.  California  and 
Ohio  represent  the  extremes  of  personal  liability  imposed  on  stock- 


BUSINESS  UNITS  99 

holders  of  the  ordinary  private  corporation  by  the  various  states.  The 
personal  liability  of  the  subscriber  or  buyer  of  a  stock  is  evidently  an 
important  point  for  investigation  when  considering  the  purchase  of  the 
stock. 

CONTROL  AND  MANAGEMENT 

1023.  The  stockholders,  being  the  owners,  control  the  corpora- 
tion. They  perform  their  acts  of  control  only  when  assembled 
in  legal  meetings  and  by  vote.  They  elect  the  directors;  adopt 
and  revise  by-laws;  determine  increase  or  decrease  of  capital  stock; 
determine  on  the  issue  of  securities,  such  as  bonds;  and  fix  the 
general  policy  of  the  corporation.  They  decide  such  important 
questions  as  they  have  in  the  by-laws  reserved  for  their  own 
decision;  but  in  other  matters  they  delegate  their  control  to  their 
board  of  directors. 

The  stockholders'  control  may  be,  as  a  matter  of  fact,  rather  slight. 
Once  a  board  of  directors  is  elected,  unless  the  articles  give  to  the  stock- 
holders a  power  of  recall  or  reserve  specificially  the  power  to  instruct 
the  directors  by  stockholders'  resolution,  most  jurisdictions  permit  the 
directors  to  disregard  any  such  resolution  or  other  attempted  control 
by  the  stockholders,  except  (1)  in  matters  specifically  reserved  to  the 
stockholders  by  statute  and  (2)  matters  of  (a)  fundamental  policy  as 
distinguished  from  matters  of  (6)  mere  business  operations.  (See  §§ 
1024,  1026,  1027.)  Examples  of  (a)  are,  even  in  the  absence  of  statute: 
enlarging  the  capital  stock,  changing  the  term  of  existence  of  the  corpora- 
tion ;  and  of  (6)  are :  purchasing  property  for  or  selling  property  of  the 
corporation,  dismissing  an  officer,  etc. 

California  specifies  in  its  constitution  that  the  stockholder  may  cast 
in  an  election  for  directors  a  number  of  votes  equal  to  the  number  of  his 
shares  multiplied  by  the  number  of  directors  to  be  elected,  and  that  he 
may  distribute  his  votes  equally  among  the  candidates,  or  cast  them  all 
for  one  candidate,  or  follow  any  compromise  of  these  two  plans. 

This  system,  which  is  called  cumulative  voting,  is  included  in  the 
corporation  laws  of  many  states  to  enable  the  holders  of  a  minority  of 
stock  to  elect,  in  spite  of  the  majority,  a  director  to  represent  their 
interests. 

It  is  important  to  note  an  exception  to  the  control  exercised 
by  stockholders :  though  they  are  the  owners  of  the  net  income,  they 
cannot  individually  receive  any  part  of  it  except  such  as  the 
board  of  directors  votes  to  declare  as  dividends. 

1024.  The  board  of  directors,  in  exercising  the  control  dele- 
gated to  it  by  the  stockholders,  is  governed  by  the  charter,  the 
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rules  and  regulations  in  the  by-laws,  and  resolutions  passed  in 
stockholders'  meetings  (qualification:  §1023,  fine  print). 

Each  director  has  one  vote  on  every  question  that  comes  before  the 
board,  regardless  of  the  number  of  shares  he  may  own.  A  majority  of 
the  directors  suffices  for  a  quorum,  and,  at  a  meeting  of  a  quorum,  a 
majority  of  those  present,  rules,  except  where  otherwise  ordered  by  the 
charter  or  by-laws. 

1025.  The  board  of  directors  has  control  of  the  net  income  which  the 
corporation  derives  during  a  given  period,  as  a  year,  from  the  enterprise 
that  it  conducts.  The  board  may  make  appropriations  from  net 
income  for  reserves  (for  depreciation  of  capital,  for  improvements,  for 
investments,  for  future  contingencies,  etc.),  and  the  remainder  only  is 
then  available  for  dividends  (for  distribution  to  the  stockholders  in 
proportion  to  their  share  holdings).  But  all  of  this  remainder  may  or 
may  not  be  distributed  as  dividends  at  once:  the  board  may  hold  a 
part  of  it  as  a  dividend  reserve  from  fat  years  to  augment  the  earnings 
of  lean  years,  with  the  object  of  stabilizing  the  dividend  rate. 

If  the  board  fails  to  declare  a  dividend  on  a  customary  dividend  date, 
the  dividend  is  said  to  be  passed. 

1026.  The  board  of  directors  takes  the  necessary  action  to  carry  out 
the  resolutions  passed  by  the  stockholders — as  in  issuing  securities, 
bringing  or  defending  suits,  and  purchasing  property. 

The  board  may  purchase  land  or  other  property  for  use  in  the  business 
within  the  limits  laid  down  by  the  charter  and  by-laws. 

1027.  The  board  of  directors  may,  if  it  judge  best  to  do  so, 
enter  into  and  determine  any  point  or  detail  of  management  of 
the  business  carried  on  by  the  corporation,  but  with  infrequent 
exceptions  the  board  delegates  this  management  to  officers  and 
agents  whom  it  elects  or  appoints. 

Immediately  after  an  election  of  directors  the  board  of  directors 
must  organize  by  the  election  of  officers :  a  president  (elected  from 
the  directors) ,  a  secretary,  and  a  treasurer.  The  board  may  also 
elect  one  or  more  vice-presidents,  and  may  appoint  a  general 
manager,  a  general  superintendent,  a  general  counsel  (legal 
adviser)  a  chief  engineer,  an  auditor  (in  short,  any  subordinate 
officers  and  employees  deemed  by  the  board  necessary  for  the 
proper  conduct  of  the  corporation's  business) ;  and  may  prescribe 
their  duties,  determine,  raise,  or  lower  their  salaries,  or  remove 
them  at  any  time. 

1028.  Usually  the  president  is  the  supreme  head  of  the  manage- 
ment under  the  board  of  directors.  He  alone  regularly  reports 
directly  to  the  board.     (Any  other  officer  or  employee  reports 
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to  the  board  only  at  the  specific  request  of  the  board.)  All  other 
officers  report  to  him.  Under  the  board  he  directs  and  is  re- 
sponsible for  all  internal  and  external  activities  of  the  corporation. 

The  president  directs  and  is  responsible  for  the  following:  purchase 
and  sales;  finances;  the  institution,  defence,  and  settlement  of  suits; 
the  accounting;  the  reports  required  of  the  corporation  by  the  state  or 
the  United  States;  the  employment  and  discipHne  of  employees;  the  care 
of  the  property;  relations  with  the  public;  and  so  on.  The  president  or  a 
vice-president  signs  deeds,  contracts,  etc.,  under  the  name  of  the 
corporation. 

1029.  The  vice-president  or  vice-presidents  have  such  powers 
as  are  given  them  by  their  superiors. 

They  may  sign  deeds,  contracts,  etc.,  only  in  the  absence  of  the 
president  or  to  the  extent  that  they  are  authorized  by  the  president  to 
sign.  In  large  corporations  it  is  quite  customary  to  have  one  vice- 
president  in  charge  of  finances,  another  in  charge  of  accounting,  another 
in  charge  of  operation  (in  which  case  he  might  have  the  title  of  Vice- 
President  and  General  Manager),  another  in  charge  of  sales,  and  so  on. 

1030.  The  general  manager,  subject  to  the  orders  given  from 
time  to  time  by  the  president,  has  full  authority  over  all  matters 
stated  above  to  be  under  the  direction  of  the  president  (except  the 
execution  of  papers) ;  but  his  powers  may  be  limited. 

For  example,  he  may  take  care  of  everything  except  finances;  or 
everything  except  accounting;  or  everything  except  suits;  and  so  on;  or 
he  may  have  charge  only  of  operation.  Usually  the  general  manager 
does  not  have  authority  over  the  general  counsel,  who  in  that  case 
reports  to  the  president. 

1031.  The  general  manager  may  delegate  certain  of  his  duties 
to  one  or  more  assistant  managers  or  managers  of  departments  of 
the  business,  who  are  responsible  to  him  and  act  under  his  general 
and  specific  instructions. 

1032.  Under  a  manager  or  assistant  manager  there  may  be  one 
or  more  superintendents.  A  superintendent  is  the  head  of  a 
main  department  or  of  a  sub-department.  There  may  be  a 
general  superintendent  of  a  department  with  superintendents 
directing  sub-departments  under  him. 

1033.  Next  come  the  foremen,  each  of  whom,  under  the  gui- 
dance of  a  superintendent  or  assistant  superintendent,  directs  the 
activities  of  a  group  of  workmen. 
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1034.  The  offices  of  secretary,  treasurer,  auditor,  general 
counsel,  chief  engineer,  etc.,  although  necessary  or  desirable 
adjuncts  to  management,  do  not  participate  in  the  management 
of  the  corporation. 

1035.  The  secretary  keeps  the  seal  of  the  corporation;  attends  the 
meetings  of  the  board  of  directors,  and  records  the  minutes;  and  affixes 
the  seal  to  proper  papers  and  attests  it  by  signing  his  name  and  title. 

1036.  The  treasurer  has  the  care  of  the  money  and  securities.  He  sees 
that  they  are  safely  kept;  that  idle  money  is  drawing  interest;  that 
provision  is  made  for  future  needs  for  pay-rolls,  taxes,  and  other  antici- 
pated payments.  He  looks  after  accounts  receivable  and  accounts 
payable;  signs  checks;  pays  the  pay-roll.  He  takes  in  all  the  money  and 
pays  out  all  the  money. 

1037.  The  auditor  keeps  the  accounts;  makes  up  the  checks;  keeps 
accounts  of  receipts  and  disbursements;  audits  the  accounts  of  the 
treasurer;  and  furnishes  to  the  management  any  desired  statistics  about 
the  business,  including  statements  of  earnings  and  expenses,  either  in 
general  or  in  any  desired  detail. 

1038.  The  general  counsel  is  the  chief  lawyer  of  the  corporation  and 
has  direction  and  supervision  of  the  legal  phases  of  all  concerns  of  the 
corporation. 

1039.  The  chief  engineer  is  advisor  to  the  management  in  all  engineer- 
ing matters,  and  directs  and  supervises  such  engineering  work  as  the 
corporation  undertakes  in  furtherance  of  the  enterprise  on  which  it  is 
embarked. 

1040.  The  foregoing  paragraphs  on  control  and  management 
are  not  to  be  taken  as  strictly  applicable  to  every  private  corpora- 
tion. They  hold  in  the  main  for  many  such  corporations,  how- 
ever, and  give  some  picture  of  the  relations  between  the  internal 
units  of  the  organization,  to  give  which  picture  is  the  chief  object 
of  the  paragraphs. 

In  order  that  all  concerned  in  the  control  and  management — 
all  officers  and  employees — may  have  a  clear-cut  idea  of  the  or- 
ganic relations  between  offices,  between  officers,  and  between 
employees,  some  corporations  post  or  circulate  a  chart  called  an 
organization  chart,  setting  forth  in  pictorial  or  diagrammatic 
form  these  organic  relations. 

HOW  THE  PRIVATE  CORPORATION  RAISES  CAPITAL 

1041.  It  is  possible  for  a  corporation  to  start  business  with 
cash  in  its  treasury,  equal  to  the  full  par  value  of  its  total  capital 
stock,  and  very  hkely  there  have  been  actual  instances  of  corpora- 
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tions  starting  off  thus  well  supplied  with  cash.  However,  as  a 
rule,  only  a  part  of  the  necessary  capital  is  supplied  by  the  owners 
(stockholders),  and  in  some  cases  a  very  small  part  of  the  total 
capital  employed  in  the  enterprise  is  supplied  by  them;  the  rest 
being  borrowed. 

A  corporation  has,  for  obtaining  capital  over  and  above  that 
originally  paid  in  for  stock,  four  commonly  used  methods: 
(1)  by  giving  a  promissory  note,  as  to  a  bank,  or  by  selling,  for 
what  they  will  bring,  an  issue  of  promissory  notes;  (2)  by  issuing 
and  selling  bonds;  (3)  by  issuing  and  selling  preferred  stock;  and 
(4)  by  selling  additional  common  stock.  These  methods  will  now 
be  briefly  described. 

1042.  The  corporation  may  borrow  money  at  a  bank  on  its 
promissory  note,  just  as  does  the  sole  proprietor.  But  if  the 
needed  sum  is  large  enough,  the  corporation  usually  prints  and 
executes  a  number  of  notes — hundreds  or  thousands — all  alike, 
each  for  $100  or  $500,  or  perhaps  $1000,  and  bearing  a  certain 
rate  of  interest;  and  offers  these  for  sale.  In  many  cases  the 
issuing  corporation  places  with  a  trustee  sufficient  negotiable 
instruments  to  secure  the  note  buyers  against  loss. 

The  corporation  sells  the  notes,  directly  or  indirectly,  for  what  it  can 
get  for  them,  through  the  agency  of  investment  bankers  and  bond 
houses.  The  advantage  of  the  series  of  small  notes  over  one  or  more 
large  notes  obviously  lies  in  the  fact  that  small  investors  are  numerous 
while  large  investors  are  scarce.  Further,  a  capitalist  does  not  choose  to 
loan  a  very  large  sum  without  specific  security.  On  the  other  hand  it 
costs  just  as  much  to  sell  a  $100  note  as  to  sell  a  $1000  note;  and  this 
fact  acts  as  a  damper  on  popularizing  small-note  issues  among 
corporations. 

The  notes  thus  issued  in  series  are  written  often  to  mature  in  two 
years,  sometimes  in  three  or  four,  or  even  five. 

Notes  are  issued  usually  to  meet  some  temporary  shortage  of  capital 
needed  in  the  business,  but  sometimes  they  are  issued  for  capital  desired 
for  a  very  long  period,  with  the  thought  that  by  the  time  the  notes 
mature  the  corporation  will  pay  them  off  with  capital  obtained  therefor 
at  a  rate  of  interest  lower  than  that  borne  by  the  notes. 

1043.  A  bond,  like  a  promissory  note,  is  a  promise  to  pay  a 
stated  sum,  usually  either  $500  or  $1000,  to  bearer  or  to  a 
specified  person  or  to  his  order,  on  a  specified  date,  and  to  pay 
interest,  usually  semi-annually  or  quarterly,  at  a  specified  rate 
per  annum. 
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Bonds  are  issued  by  corporations  usually  in  series;  and  in  each  bond 
is  stated  the  particulars  pertaining  to  the  issue,  including  a  specification 
of  the  mortgage  security,  if  any,  upon  which  the  whole  series  rests. 
Such  mortgage  as  may  be  back  of  a  bond  issue  is  made  to  a  trustee  for 
the  benefit  of  those  who  buy  the  bonds. 

Bonds  now  on  the  market  are  of  great  variety,  and  appear  under  a 
multitude  of  names  that  are  partially  descriptive.  For  example,  a 
registered  bond  is  made  payable  to  a  specified  person  whose  name  is 
registered  in  the  books  of  the  issuing  corporation.  The  transfer  of  such 
a  bond  from  the  registered  holder  to  another  person  cannot  be  effected 
except  by  registering  in  the  corporation's  books  the  name  of  the  trans- 
feree. The  interest  when  due  is  paid  to  the  registered  owner  of  the 
bond. 

On  the  other  hand,  a  coupon  bond  is  one  made  payable  to  a  specified 
person  or  to  his  order  (a  coupon  bond  may  be  registered  as  to  principal) , 
or  to  bearer,  and  bearing  a  series  of  interest  coupons  (printed  on  the 
same  sheet  with  the  bond),  one  for  each  interest  date.  Each  coupon  is 
a  promise  to  pay  the  interest  due  on  a  specified  date,  and  when  severed 
from  the  sheet  may  pass  from  hand  to  hand  like  a  promissory  note.  Each 
coupon  on  or  after  the  date  named  therein  is  surrendered  to  the  bond 
issuer  in  exchange  for  the  interest  due. 

These  and  various  other  kinds  of  bonds  are  named  in  the  following 
classification,  which  includes  bonds  issued  by  corporations  public  as 
well  as  private.     The  numbered  classes  are  not  mutually  exclusive. 


Classification  of  Bonds^ 

1.  Bond  names  derived  from  the  character  of  the  issuer: 

(a)  Railroad  bonds 

(6)  Public  utility  bonds  (such  as  street  railway,  water-supply,  electric 

light  and  power,  and  gas  company  bonds) 
(c)   Municipal  bonds 

{d)  Industrial  bonds  (issued  by  manufacturing  companies) 
(e)  U.  S.  and  other  national  government  bonds 
(/)  State  bonds 
{g)   Miscellaneous  (such  as  timber,  irrigation,  drainage,  and  real-estate 

bonds) 

2.  Bond  names  derived  from  the  purpose  of  the  issue : 

(a)  Purchasing  or  consolidating  properties  or  companies 

(6)  Construction  and  extension 

(c)  Improvement 

{d)  Unifying,  refunding  or  consolidating  other  issues 

1  This  classification  with  slight  modifications  is  taken,  by  permission, 
from  Corporation  Finance  (Vol.  11  of  Modern  Business  Texts  of  the  Alexander 
Hamilton  Institute,  N.  Y.)  by  William  H.  Walker,  LL.D. 
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3.  Bond  names  derived' from  the  privileges  and  conditions  of  payment  of 

principal: 

(a)  Convertible  bonds 

(b)  Redeemable  bonds 

(c)  Serial  bonds 

(d)  Registered  bonds 

(e)  Negotiable  bonds 
(/)  Sinking  fund  bonds 

4.  Bond  names  derived  from  the  privileges  and  conditions  of  payment  of 

interest : 
(a)  Coupon  bonds 
(6)  Registered  bonds 

(c)  Income  bonds 

(d)  Participating  bonds 

(e)  Profit  sharing  bonds 

5.  Bond  names  derived  from  the  character  of  the  security: 

(a)  Simple  obligations: 

Plain  bonds 

Debenture  bonds 

Long  term  notes 

Certificates  of  indebtedness 
(6)  Reinforced  obligations: 

Bonds  secured  by  guaranty 

Assumed  bonds 

Guaranteed  bonds 

Indorsed  bonds 

(c)  Bonds  secured  by  lien  on  personal  property: 

Sinking  fund 

Equipment 

Paper  collateral 

Stocks 

Bonds 

Mortgages 

Leases 

Certificates  of  interest 
{d)  Bonds  secured  by  lien  on  realty,  according  to : 

Character  of  property  mortgaged 

Priority  of  lien 

1044.  Some  corporations  issue,  besides  the  ordinary  common 
stock,  what  is  called  preferred  stock,  which  carries  with  it  (a) 
all  of  the  rights  of  the  common  stock  unless  specifically  restricted 
by  the  charter,  and  (6)  certain  specified  preferences  as  compared 
to  the  common  stock.  These  preferences  may  lie  (1)  in  participa- 
tion in  dividends,  (2)  in  distribution  of  assets  on  liquidation,  or  (3) 
in  voting  rights. 
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For  example,  a  preferred  stock  may  carry  (1)  the  right  to  secure  a 
fixed  dividend  (quite  commonly  7  %)  before  any  dividend  is  declared  to 
holder  of  common  stock;  or  (2)  the  right,  on  liquidation,  to  receive  assets 
to  the  amount  of  its  par  value  before  any  assets  may  be  distributed  to 
the  holders  of  common  stock;  or  (3)  the  right,  in  effect,  to  veto,  by  vote, 
certain  policies  voted  by  the  common  stock. 

In  any  case  the  charter,  by-laws,  and  certificate  of  preferred 
stock,  taken  together,  specify  all  of  the  rights  carried  by  that 
stock. 

A  holder  of  preferred  stock  is  a  participant  in  the  risks  of  the  business 
though  not  to  the  same  extent  as  the  holder  of  common  stock.  The 
holder  of  preferred  stock  is  not  a  creditor  who  comes  in  either  with  the 
secured  bondholders  or  the  general  creditors  in  claims  against  the 
corporation.  Only  after  the  creditors  are  paid  in  full  has  he  any  rights 
to  a  distributive  share  of  the  corporate  assets. 

One  of  the  purposes  of  issuing  preferred  stock  is  to  raise 
capital  under  conditions  more  advantageous  to  the  corporation 
than  those  which  would  obtain  through  sale  of  bonds  or  common 
stock. 

1045.  If  at  any  time  the  corporation  has  not  issued  all  the 
authorized  stock,  it  may  issue  part  or  all  of  the  remainder;  but 
if  all  the  authorized  stock  has  been  issued,  the  corporation  can 
issue  no  more  until  it  has  secured  an  amendment  to  its  charter, 
increasing  the  capitalization  and  thus  permitting  a  new  issue  of 
stock. 

The  usual  legal  requirement  is  that  the  new  stock  may  not  be  issued 
below  par.  If  the  market  value  of  the  old  stock  is  below  par  at  the 
time,  of  course  none  will  subscribe  for  the  new  stock,  except  under 
special  circumstances.  For  example,  $100,000,  par  value,  of  new  stock 
might  be  accepted,  as  "Hobson's  choice,"  by  a  creditor  in  full  payment 
of  his  $100,000  claim  against  the  corporation. 

FINANCIAL  CONDITION 

1046.  The  private  corporation  enjoys  certain  advantages  and 
runs  certain  risks  in  trading  on  the  equity  (employing  outside, 
that  is,  borrowed,  capital),  just  as  does  the  individual  business 
or  the  partnership. 

The  outside  capital  of  the  corporation  is  represented  by  its 
issued  notes  and  bonds.  The  greater  the  total  of  bonds  issued 
by  the  corporation,  the  greater  the  danger  that  net  income 
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will  not  suffice  to  pay  the  bond  interest,  and  the  first  failure 
to  pay  interest  due  is  likely  to  result  in  transferring  the  control 
of  the  corporation  from  the  stockholders  to  the  bondholders,  with 
disastrous  results  to  the  stockholders.  The  corporation  therefore 
may  safely  issue  bonds  only  up  to  a  point  such  that  the  yearly 
interest  on  the  bonds  will  be  well  below  the  most  conservative 
estimate  of  net  earnings  of  the  leanest  years. 

As  to  preferred  stock,  if  it  has  voting  rights  with  common  stock, 
the  greater  the  issue  of  preferred,  the  greater  the  risk  that  the 
common  may  be  outvoted  and  lose  control  of  the  corporation. 
If  the  preferred  has  voting  rights  only  when  the  corporation  fails 
to  pay  dividends  on  it,  the  greater  the  issue  of  preferred  the 
greater  the  risk  of  the  common's  losing  control. 

Bonds  and  preferred  stocks  are  so  diverse  in  the  rights  which 
they  give  to  their  holders  that  no  attempt  can  be  made  here  to 
cover  all  of  the  cases,  but  the  foregoing  examples  suffice  to  illus- 
trate the  vital  importance  to  the  corporation  of  planning  its  maxi- 
mum issue  of  securities  (bonds,  etc.)  with  a  keen  eye  to  the 
probable  net  income  of  the  leanest  years. 

1047.  The  financial  condition  of  the  corporation,  present  and 
prospective,  is  one  of  the  most  important  of  irreducible  data  to 
be  taken  into  account  by  the  engineer  when  making  decisions  of 
major  importance. 

A.  M.  Wellington  wrote  more  than  forty  years  ago:  "Railways  are 
not  undertaken  unless  they  are  expected  to  be  profitable,  not  to  the 
general  public  nor  to  other  parties  in  the  near  or  distant  future,  nor  to 
those  who  lend  money  on  them,  but  to  those  who  at  first  control  the  enter- 
prise. If  the  means  in  hand  be  not  sufficient  for  the  projectors  to 
complete  the  road  for  operation  and  to  control  its  operation  afterwards, 
the  result  to  them  is  usually  complete  loss.  Remembrance  of  this  fact 
becomes  the  more  important  because  the  available  means  (the  great 
bulk  of  which  is  borrowed  money)  are  almost  always  over-rated,  and  the 
demand  upon  them  under-rated. "^ 

1  Economic  Theory  of  Railway  Location  (New  York,  John  Wiley  &  Sons), 
1886. 
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Public  Service  Corporation — Public  Corporation — Promotion 
PUBLIC  SERVICE  CORPORATION 

1101.  Some  private  corporations  which  supply  service  deemed 
necessary  or  of  special  interest  to  the  public  welfare  are  called 
public  service  corporations  or  quasi-pubUc  corporations. 

Many,  but  not  all,  public  service  corporations  are  so  circum- 
stanced as  to  have  the  exclusive  privilege  of  rendering  the  service. 

This  exclusive  privilege  of  rendering  service  which  is  generally 
recognized  as  public  is  a  monopoly,  legal  or  virtual. 

The  street  railway  company  that  has  been  given  an  exclusive  franchise 
to  lay  its  tracks  and  run  its  cars  on  certain  streets  has  a  legal  monopoly 
of  the  street  car  business  on  those  streets. 

Still  other  private  corporations,  by  virtue  of  conditions  other  than 
legal,  control  the  supply  of  a  service  that  is  deemed  a  public  necessity. 
A  company  supplying  the  water,  for  example,  to  the  inhabitants  of  a 
town  or  city  and  having  control,  by  ownership  or  lease,  of  the  only 
practically  available  source  of  water  supply,  has  a  virtual  monopoly  of 
the  local  water  supply  service. 

A  corporation  may  have  a  virtual  monopoly  of  supplying  a  recognized 
public  service  from  the  mere  magnitude  of  the  sum  of  money  that 
would  be  required  to  erect  a  competing  plant  and  the  improbability  that 
sufficient  business  could  be  diverted  from  the  original  corporation  to 
make  the  investment  profitable. 

Among  the  public  service  corporations  that  are  readily  recognized  as 
often  enjoying  a  monopoly  are  the  following:  railroad,  electric  railway, 
express,  gas,  electric  light  and  power,  water,  telephone,  and  telegraph. 

As  examples  of  public  service  corporations  which  do  not  usually  have 
a  monopoly,  may  be  cited  hotel,  bus-line,  and  grain  elevator. 

1102.  We  have  to  note  two  opposite  effects  of  the  public  de- 
mand for  and  the  monopolistic  character  of  the  service  rendered 
by  the  public  service  corporation:  (1)  The  demand  for  the  service 
is  steady  and  tends  to  increase  as  fast  as,  or  faster  than,  popula- 
tion, with  the  result  that  the  income  tends  to  increase  with  time 
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in  spite  of  hard  times  or  poor  management;  and  (2)  to  prevent  or 
correct  abuse  of  its  monopoly  by  the  pubhc  service  corporation, 
the  pubhc  takes  a  hand  in  the  affairs  of  the  corporation  through 
governmental  regulation.  Many  regulatory  laws  have  been 
passed  or  executed  without  due  consideration  of  all  elements 
entering  into  the  desired  result,  namely,  satisfactory  service; 
and  in  many  cases  the  effect  has  been  to  depress  the  corporation's 
net  income  to  zero  or  below  in  spite  of  most  skilful  management. 

1.  That  demand  for  public  service  remains  fairly  steady  in  the  face 
of  a  prevalent  decline  in  business  and  despite  poor  management  is  a 
fact  generally  recognized.  When  a  family  begins  to  feel  the  pinch  of 
lessened  income  (or  of  income  virtually  lessened  because  of  rising 
prices),  it  will  immediately  cut  down  on  renewal  and  maintenance  of 
wardrobe  and  household  furnishings,  and  even  forego  the  luxuries  of 
the  table;  but  habit  will  moderate  or  even  prevent  altogether  the  cutting 
down  of  use  of  street  car,  water,  hght,  etc.  And  the  effect  of  poor 
management  is  rather  to  irritate  the  consumer  than  to  cause  him  to  cut 
down  his  use  of  service. 

2.  Governmental  regulation  of  the  public  service  corporation  has 
been  brought  into  existence  by  the  people  of  the  state  in  self-defense 
against  exorbitant  charges  for  and  indifferent  rendering  of  service 
considered  necessary  to  the  public  welfare.  The  history  of  public 
service  corporations  indicates  that  their  regulation  was  necessary  and  is 
likely  to  continue  to  be  necessary. 

This  is  apparently  recognized  by  all.  But  unfortunately  the  early 
regulatory  acts  were  designed  by  legislators  with  the  idea  of  pleasing 
their  constituents  who  clamored  for  revenge  for  corporate  offenses, 
rather  than  with  the  far-seeing  purpose  of  securing  to  the  public  the  most 
advantageous  service  possible  in  the  long  run.  Thus  the  community 
followed  the  example  of  the  man  who,  finding  his  lazy  work-horse 
gorging  itself  in  the  granary,  thereupon  and  thereafter  hobbled  and 
short-rationed  the  offending  animal. 

Reasonable  regulation  is  obviously  that  which  secures  to  the  public  a 
satisfactory  service,  quality  and  price  considered.  Such  service  re- 
quires plant  continually  up  to  date.  Such  plant  is  possible  only  at 
the  cost  of  continually  increasing  investment.  Capital  for  investment 
in  an  enterprise  is  to  be  had  under  practicable  terms  only  when  the 
enterprise  promises  a  return  that  is  satisfactory  compared  with  the 
returns  promised  by  other  types  of  enterprise.  Therefore  reasonable 
regulation  is  that  which  permits  a  return  on  investment  just  sufficient 
to  attract  to  the  enterprise  such  additional  capital  as  is  required  from 
time  to  time  for  expanding  and  improving  service,  to  keep  pace  with 
demand. 
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The  effect  of  progress  in  invention,  and  change  in  pubHc  standards, 
is  to  scrap  a  plant  before  it  is  worn  out  to  make  way  for  a  more  modern 
plant.  This  results  in  a  sacrifice  of  old  capital;  and  usually  the  new 
plant  has  a  greater  first  cost  than  the  old.  For  example,  consider  the 
change  in  street  railway  service  from  horse  car  to  cable  car,  from  cable 
car  to  overhead-electric  car,  and  from  overhead-electric  car  to  under- 
ground-electric car. 

The  earlier  custom  of  regulating  blindly  has  given  such  unsatisfactory 
results  as  to  lead  governments  to  set  up  commissions  to  study  the 
circumstances  in  each  case  with  a  view  to  reasonableness  in  regulation. 

For  example  the  federal  government,  through  the  Interstate  Com- 
merce Commission,  has  made  a  detailed  physical  appraisal  of  the  steam 
railroads  of  the  country,  to  obtain  pertinent  facts  to  aid  in  the 
formulation  of  reasonable  regulations. 

Under  the  ''Transportation  Act  of  1920" — the  so-called  Esch- 
Cummins  Bill — the  Interstate  Commerce  Commission  is  empowered  to 
prescribe  just  and  reasonable  railroad  rates  so  that  under  reasonable 
management  the  railroads  can  "earn  an  aggregate  annual  net  railway 
operating  income  equal  ...  to  a  fair  return  upon  the  aggregate 
value  of  the  railway  property  .  .  .  ."  The  Act  fixes  5}i%  as  the 
fair  return  till  March  1,  1921. 

1103.  Towns  and  cities  have  from  time  to  time  become  owners 
and  operators  of  existing  public  service  enterprises.  To  acquire 
ownership  of  the  property  and  business  of  an  existing  public 
service  corporation,  as  a  water-supply  company,  the  municipality 
may  employ  one  of  the  following  methods:  (1)  the  municipality 
may  buy  the  plant  and  business  of  the  company  at  a  price  agreed 
upon  by  the  company  and  the  municipality;  or,  failing  to  agree 
on  price,  (2)  the  municipality  may  acquire  the  property  by  con- 
demnation proceedings — in  which  case  the  price  to  be  paid  is 
finally  fixed  by  the  courts;  or  (3)  the  municipality  may  gain 
control  of  the  enterprise  by  purchasing  in  open  market  the  major- 
ity of  the  stock  of  the  company.  To  what  extent  any  particular 
municipality  may  acquire  public  service  enterprises  and  the 
manner  of  acquirement  which  may  be  employed  are  both  deter- 
mined by  the  charter  of  the  municipality. 

PUBLIC  CORPORATION 

1104.  Without  unduly  stretching  terms  it  may  be  said  that 
a  government  is  a  business  unit. 

It  is  not  difficult  to  imagine  all  of  the  officers  and  employees  of  any 
government  as  being  the  officers  and  employees  of  a  single  individual 
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or  private  corporation  which,  under  contract  with  the  people,  is  render- 
ing them  the  very  services  now  rendered  by  the  government. 

Indeed,  in  times  past,  the  situation  supposed  above  has  actually 
existed :  the  lord  of  the  castle,  an  individual,  made  a  business  of  supply- 
ing, at  a  price,  the  primary  objects  of  government:  he  settled  disputes, 
preserved  the  peace,  and  defended  against  foreign  foes.  He  cared  for 
the  helpless,  and  even  dispensed  rehgion.  He  employed  such  help  as 
he  needed  for  these  purposes;  and  no  doubt  he  followed  the  common 
custom  of  private  business  and  charged  what  the  traffic  would  bear. 
The  lord  of  the  castle  ran  the  business  for  profit.  The  business  was 
finally  taken  over  by  the  people,  for  their  own  profit;  their  motive  being 
to  dispense  benefits  of  government  to  themselves,  and  thus  keep  the 
profits  in  their  own  pockets.  In  our  country  the  people  have  from  time 
to  time  taken  over  a  service  enterprise  previously  conducted  only  by 
private  corporations,  and  in  each  case  a  contributory  motive  has  been 
their  belief  that  by  running  the  business  themselves  the  people  would 
reap  the  profits  formerly  taken  by  the  private  corporation. 

1105.  A  government  is  here  called  a  public  corporation. 

For  the  present  purpose  the  following  may  be  called  public 
corporations:  the  federal  government;  a  state  government;  a  county 
government;  a  county-subdivision  government  {e.g.,  a,  township  govern- 
ment); a  city  government;  a  "district"  government  (e.g.,  the  govern- 
ment of  a  school,  health,  or  irrigation  district). 

Each  public  corporation  is  identified  with  and  carries  on  its  corporate 
activities  within  a  particular  territorial  area  having  boundaries  precisely 
defined ;  and  in  this  respect  is  unlike  the  private  corporation. 

1106.  A  public  corporation,  like  a  private  corporation,  is 
created  by  a  charter  or  a  virtual  charter. 

The  federal  government's  charter  is  the  Constitution  of  the  United 
States  as  granted  by  the  original  thirteen  states,  amended  from  time  to 
time  by  the  combined  action  of  the  component  states  of  the  Union,  and 
interpreted  by  the  United  States  Supreme  Court. 

The  charters  of  the  colonies,  which  became,  in  1789,  the  original 
thirteen  states,  of  course  had  been  granted  by  European  sovereigns. 
The  charter  of  each  of  the  newer  states  consists  of  its  home-made 
constitution  and  the  act  of  Congress  which  created  the  state  out  of  a 
"territory"  (itself  a  public  corporation  created  by  Congress). 

The  county  charter  may  be  said  to  consist  of  those  parts  of  the  federal 
constitution,  of  the  state  constitution,  and  of  legislative  enactments, 
which  pertain  to  the  county. 

The  charter  of  a  county  subdivision  {e.g.,  township)  may  be  similarly 
described. 
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A  city  charter  is  drafted  and  adopted  by  the  voters  of  the  territory  of 
the  proposed  city  under  specific  authority  of  state  law,  and  may  or  may 
not  (depending  on  the  provisions  of  the  Home  Rule  statutes  of  the 
state)  have  to  be  subsequently  approved  by  the  legislature. 

A  "district"  charter  is  a  particular  law,  generally  passed  by  the 
legislature  of  the  state,  but  in  some  states  Home  Rule  charters  may 
be  adopted  by  counties. 

1107.  The  purpose  of  a  public  corporation  is  specified  in  its 
charter. 

The  primary  purpose  of  government  is  to  protect  its  subjects,  collect- 
ively and  individually,  against  aggression.  Thus  government  under- 
takes to  oppose  invasion,  preserve  order,  and  administer  justice. 

As  a  secondary  purpose  government  engages  in  various  other  enter- 
prises undertaken  for  the  public  welfare.  Of  such  enterprises  the  most 
widely  familiar,  perhaps,  are  highways,  public  schools,  and  the  postal 
service. 

1108.  The  public  corporation,  like  the  private  corporation, 
has  only  such  powers  as  are  specified  in  its  charter.  But  the 
charter  of  the  former,  unlike  that  of  the  latter,  gives  the  power  of 
levying  taxes,  and  also  power  of  eminent  domain,  by  which  the 
corporation  may,  by  legal  process  for  fair  compensation,  take 
and  use  private  property. 

The  right  of  eminent  domain  is  granted  to  railroads,  and  some  other 
public  service  corporations;  thus  furnishing  some  exceptions  to  the 
statement  above. 

1109.  The  organization  of  a  public  corporation  is  determined 
in  a  more  or  less  general  way  by  its  charter.  Some  of  the  details 
of  organization  are  left  to  be  filled  in  by  the  corporation  itself 
by  the  enactment  of  laws  (called  ''ordinances"  in  the  case  of  a 
city).  Under  and  to  the  limit  of  the  authority  given  by  its 
charter  the  public  corporation  enacts  such  laws  or  ordinances, 
and  adopts  such  resolutions,  rules,  and  regulations,  as  may  be 
necessary  or  expedient  to  carry  out  the  undertakings  and  enter- 
prises for  which  the  corporation  was  chartered. 

The  enactments  of  the  public  corporation  bear  the  same  relation  to 
its  charter  that  the  by-laws  of  the  private  corporation  bear  to  its  charter. 

1110.  In  a  general  way  the  voters  of  a  district  established  as 
a  public  corporation  bear  the  same  relation  to  the  control  and 
management  of  the  public  corporation  as  the  stockholders  of  a 
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private  corporation  bear  to  the  control  of  the  private  corporation. 
Here  the  parallel  ends. 

While  there  is  great  diversity  among  charters  of  private 
corporations,  yet  all  such  charters  are  uniform  in  this,  that  they 
prescribe  that  the  stockholders  shall  elect  the  board  of  directors 
and  that  the  board  shall  elect  the  officers.  Charters  of  pubHc 
corporations  are  not  uniform  in  corresponding  points.  However, 
it  may  be  said  that  usually  the  laws  passed  under  authority  of 
charter  are  enacted  by  a  legislative  body  composed  of  individuals 
elected  thereto  by  the  voters. 

The  will  of  the  voters,  in  carrying  out  the  purpose  of  the 
public  corporation,  is  effected  by  a  great  variety  of  types  of 
legislative  and  administrative  machinery.  The  type  of  ma- 
chinery employed  in  cities  varies  from  state  to  state,  and  from 
class  to  class  of  cities  in  the  same  state. 

How  Public  Corporations  Raise  Money 

1111.  A  large  sum  of  money  is  annually  required  by  the 
public  corporation  for  the  purpose  of  carrying  on  its  enterprises. 
This  sum  is  derived,  in  any  particular  case,  from  some  or  all  of  the 
following  sources  :  (1)  taxes  (on  property,  manufactures,  income), 
(2)  poll  tax,  (3)  licenses,  (4)  special  assessments,  (5)  sale  of  pri- 
vileges, (6)  fees,  (7)  fines,  (8)  forfeits,  (9)  gifts,  (10)  revenues  from 
productive  property  owned  by  the  public  corporation,  (11)  grants 
from  the  federal  or  state  government,  and  (12)  loans. 

Of  these  sources  the  more  important  are  taxes,  special  assess- 
ments, loans,  and  revenues  from  productive  property  of  the 
public  corporation.  Loans  are  sometimes  obtained  to  raise  the 
money  necessary  to  pay  off  maturing  loans ;  in  other  words,  loans 
are  sometimes  refunded. 

The  federal  government  derives  the  greater  part  of  its  regular  income 
for  meeting  routine  expenses  by  taxing  imports  (tariff),  certain  domestic 
manufactures  (tobacco,  for  example),  and  incomes;  and,  to  meet  extra- 
ordinary demands,  as  the  cost  of  war,  obtains  additional  money  by 
issuing  bonds,  or  other  negotiable  instruments  (treasury  notes,  war 
savings  stamps,  etc.).  After  bonds  have  been  issued,  the  interest  on 
them,  and  provision  for  retiring  them  at  maturity,  become  items  of 
routine  expense. 

The  state  government  relies  chiefly  on  taxation  to  meet  its  ordinary 
expenses;  and,  so  far  as  its  charter  permits,  like  the  federal  government, 
issues  bonds  to  raise  money  for  new  and  large  enterprises  which  it 
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undertakes  from  time  to  time.  Counties  and  townships,  and  incorpo- 
rated towns,  cities,  and  districts  likewise  levy  taxes  and  issue  bonds,  in 
so  far  as  their  charters  permit. 

Most  incorporated  cities,  towns,  and  districts  are  empowered  by  their 
charters  to  levy  special  taxes  or  assessments,  to  pay  for  local  public 
improvements  (paving,  for  example),  on  the  real  property  directly 
benefited  by  such  improvements.  For  example,  the  owners  of  some 
greater  part  of  the  frontage  of  property  along  a  street  may  compel  the 
improvement  of  the  street  and  the  assessment  of  all  that  property  in 
proportion  to  frontage,  at  a  time  when  the  popular  vote  would  be 
overwhelmingly  against  improving  the  street  at  general  expense.  The 
special  assessment  power  therefore  enables  parts  of  municipalities  to 
advance  without  waiting  for  a  majority  vote  of  all  the  corporate  voters. 

Some  incorporated  towns  and  cities  obtain  considerable  income  from 
productive  property  owned  by  them — for  example,  from  the  municipal 
water-supply. 

It  is  seen  that  the  public  corporation,  like  the  private  corporation, 
issues  bonds  to  obtain  large  sums  of  money,  not  for  ordinary  running 
expenses,  but  for  the  purpose  of  building  new  structures  or  the  improve- 
ment or  expansion  of  old.  The  federal  government  issues  bonds,  not 
only  for  particular  projects,  but  whenever  it  is  deemed  necessary  by 
Congress  to  supplement  the  regular  income. 

The  public  corporation  enjoys  one  advantage  over  the  private  corpo- 
ration, namely,  the  authority  to  levy  taxes;  and  thus  has  the  power  to 
meet  its  obligations,  so  long  as  there  remains  sufficient  value  in  the 
private  property  within  its  territory.  But  in  times  past  many  a  state,  or 
lesser  public  corporation,  has  willed  to  repudiate  some  of  its  obligations 
represented  by  bonds. 

1112.  The  engineer  as  a  member  of  a  community  has  the  same 
interest  as  the  lawyer,  or  merchant,  or  workman,  or  any  other 
citizen,  in  the  public  corporation  as  an  instrument  for  promoting 
the  well-being  of  the  members  of  the  community;  but  as  an 
engineer  his  interest  is  confined  to  such  of  the  corporation's 
undertakings  as  require  for  their  successful  initiation  or  prose- 
cution the  services  of  an  engineer.  Thus  the  engineer's  pro- 
fessional interest  centers  on  the  promotion,  creation,  operation, 
and  maintenance  of  public  works — all  those  structures  employed 
by  the  public  corporation  in  furthering  its  purpose,  public  welfare. 

The  public  works  of  the  federal  government  include  fixed  and  portable 
means  of  national  defense  (including  naval  vessels),  highways,  canals, 
reclamation  works  (for  drainage  and  irrigation),  railroads  (in  Alaska), 
harbor  works,  river  improvements,  custom  houses,  post  offices,  arsenals, 
barracks,  warehouses,  mints,  and  other  pubhc  buildings. 
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The  states  build  highways,  bridges,  canals,  harbor  works,  river 
improvements,  and  various  kinds  of  public  buildings. 

Counties,  also,  build  highways,  bridges,  drainage  ditches,  and  public 
buildings. 

Among  the  public  works  created  by  cities  are  streets,  bridges,  sewers, 
water-works,  tunnels,  docks  and  wharves,  street  railways,  subways, 
electric  light  and  power  plants,  gas  works,  parks  and  play  grounds,  refuse 
disposal  plants,  and  various  public  buildings. 

The  incorporated  district  builds  such  structures  as  are  necessary  to 
the  purpose  for  which  the  district  is  incorporated.  For  example:  a 
school  district  constructs  school  buildings;  an  irrigation  district 
constructs  dams,  canals,  and  irrigation  ditches. 

1113.  The  fact,  that  the  financial  situation  of  an  enterprise 
often  has  an  important  bearing  on  a  question  of  economic 
choice  of  engineering  structure,  gives  the  engineer  an  interest 
in  the  public  corporation's  means  of  raisi-ng  money;  and,  if  he 
is  serving  a  public  service  corporation,  also  gives  him  an  interest 
in  the  power  held  by  the  public  corporation  to  regulate  rates 
and  service  of  his  company. 

1114.  Since  the  engineering  department  of  any  business  unit 
must  act  in  harmony  with  other  departments,  the  engineer  must 
necessarily  be  interested,  also,  in  the  organic  relations  by  means 
of  which  the  various  departments  coordinate  their  efforts. 

PROMOTION  OF  BUSINESS  UNITS 

1115.  The  creation  of  a  new  business  unit  requires  the  belief 
on  the  part  of  the  prospective  investor,  that  rendering  for 
sale  some  particular  kind  of  service  offers  a  desirable  investment 
opportunity.  The  conditions  must  be  such  as  justify  the  belief 
not  only  that  the  rendering  of  such  service  is  feasible,  but  also 
that  it  can  be  rendered  at  such  cost,  and  sold  at  such  price  and  in 
such  quantity,  as  to  bring  a  return  (on  the  necessary  investment) 
which  compares  favorably  with  the  return  promised  by  other 
opportunities. 

1116.  But  however  favorable  the  conditions  may  be,  a  business 
unit  does  not,  of  course,  come  spontaneously  into  existence:  it 
must  be  created  by  conscious  human  effort.  As  stated  in  §107, 
there  must  first  be  a  recognition  of  the  promise  of  the  conditions 
(''conception  of  the  enterprise '');  next,  an  ** investigation  to  de- 
termine the  volume  of  service  which  probably  will  be  required; 
the  feasibility  of  rendering  the  service;  the  cost  of  rendering 
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it;  and  the  probable  return;"  and  finally,  a  business  unit  must  be 
organized,  and  the  necessary  capital  enlisted.  The  conscious 
effort  required  to  create  a  business  unit  is  called  promotion. 
The  person  or  business  unit  that  puts  forth  this  effort  is  a 
promoter. 

Any  number  of  persons  may  have  conceived  the  idea  that  it 
would  be  profitable  to  produce  and  sell  service  of  a  certain  kind, 
before  this  idea  comes  to  the  promoter.  The  promoter  differs 
from  the  others  in  this,  that  he  is  willing  to  venture  his  work, 
money,  credit,  and  reputation  in  promoting  the  enterprise. 

There  are  numbers  of  professional  promoters  of  private  corporations. 
The  way  of  the  professional  is  to  settle,  and  part  company,  with  each 
corporation  of  his  creating  as  soon  as  it  is  a  going  concern.  But  in 
many  a  case  the  individual  who  promotes  a  corporation  is  a  promoter 
only  incidentally,  as  when  a  sole  proprietor,  in  order  to  obtain  more 
capital  or  to  reduce  his  personal  liability,  incorporates  his  business. 

1117,  Let  us  consider,  first  (for  reasons  which  will  become 
apparent) ,  the  promotion  of  a  private  corporation,  in  order  to  get 
some  glimpse  of  the  promoter  at  work. 

Promotion  of  Private  Corporation 

1118.  The  promoter,  having  conceived  or  taken  over  the  idea 
that  it  would  be  desirable  to  establish  a  particular  enterprise, 
quietly  investigates  all  conditions  which  are  likely  to  have  a 
material  influence  upon  the  success  of  the  enterprise,  such  as: 
(1)  the  feasibility  of  obtaining  by  lease  or  purchase  a  suitable 
location,  and  by  purchase  or  construction  a  suitable  structure  for 
producing  the  proposed  service ;  (2)  the  future  supplies  and  prices 
of  raw  materials,  and  of  fuel  and  other  supplies,  and  of  labor; 
(3)  legal  and  social  conditions  which  are  likely  to  affect  favorably 
or  unfavorably  the  erection  or  operation  of  the  structure;  (4) 
the  degree  of  competition  which  the  enterprise  is  likely  to  en- 
counter; (5)  the  relation  between  price  of  service  and  the  corre- 
sponding volume  of  sales;  (6)  the  probable  price  and  sales.  He 
finally  calculates  the  annual  yield  on  the  capital. 

The  promoter's  first  step  is  to  make  the  investigation  in  its  entirety. 
Having  in  view  the  enterprise  as  a  whole,  he  may  subdivide  this  problem, 
and  set  one  assistant  at  one  part,  another  at  another,  and  see  that  each 
assistant  remains  in  the  dark  as  to  the  existence  and  work  of  the  other 
assistants,  and,  of  course,  as  to  the  idea  of  the  enterprise  as  a  whole. 
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The  promoter  takes  the  results  of  the  assistants,  and  combines  the 
results  to  form  the  grand  resultant  of  the  investigation.  (Here  is 
likely  to  be  absence  of  team  work,  and  it  is  not  unreasonable  to  expect 
the  promoter's  pronouncement  as  to  the  promise  of  his  enterprise 
occasionally  to  be  not  thoroughly  well  supported.) 

In  this  investigation  various  quahfications  are  needed,  and  the 
promoter  is  likely  to  call  to  his  aid  the  engineer  and  the  lawyer,  and 
often  one  or  more  other  specialists,  such  as  accountant,  architect, 
builder,  chemist^  real  estate  appraiser,  and  industrial  expert. 

1119.  Next,  the  promoter  plans  the  business  organization  and 
the  methods  of  obtaining  the  capital  needful  to  launch  the  enter- 
prise and  keep  it  going.  Having  formulated  the  plans  and  pros- 
pects of  the  proposed  enterprise  and  compiled  the  data  to  support 
his  belief  in  the  success  of  the  enterprise,  the  promoter  lays  all 
these  before  one  or  more  capitalists,  with  the  object  of  getting 
them  to  join  with  him  in  forming  a  corporation. 

1120.  Each  capitalist  privately  investigates,  as  far  as  he  deems 
prudent,  the  claims  of  the  promoter;  and  in  this  work  he  may 
employ  as  many  different  kinds  of  experts  as  the  promoter  has 
employed. 

The  promoter  has  a  lively  imagination,  and  on  conceiving  the  enter- 
prise sees  it  a  flourishing  reality,  and  a  good  thing  for  all  concerned. 
It  is  natural  that  of  the  conditions  disclosed  by  the  investigation  the 
favorable  should  be  welcomed  and  magnified  by  the  promoter  unconsci- 
ously, and  the  adverse  shunned  or  minimized.  The  promoter's  judgment 
in  the  course  of  promotion  is  likely  to  become  warped  in  weighing  the  pros 
and  cons  because  every  con  points  to  his  throwing  up  the  work  and  losing 
all  the  time  and  eifort  he  has  put  on  it  and  a  part  or  all  of  the  money 
expended  on  it.  Therefore  the  capitalist,  sought  to  be  enlisted  in  the 
enterprise,  must  check  the  promoter's  data  by  an  independent  investiga- 
tion if  he  would  inteUigently  decide  whether  or  not  to  take  an  interest 
in  the  enterprise. 

1121.  Having  satisfied  each  of  the  capitalists  needful  for  his 
purpose,  the  promoter  by  an  agreement  associates  them  with  him 
as  incorporators.  The  incorporation  is  finally  effected  and  the 
corporate  organization  completed. 

1122.  The  corporation  cannot  be  held  for  contracts  which  it 
has  not  made;  and  since  it  could  not  make  contracts  before  it 
existed,  it  follows  that  it  is  not  bound  by  any  agreements  made  by 
the  promoter  or  his  associate  incorporators  either  among  them- 
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selves  or  with  others.  The  promoter,  therefore,  makes  such 
terms  with  the  new-born  corporation  as  he  can  in  regard  to  the 
reward  for  his  labors  in  promoting  the  enterprise. 

The  promoter  may  take  options  on  properties  that  he  thinks  will  be 
advantageous  or  necessary  to  the  enterprise,  and  in  some  cases,  being 
unable  to  secure  an  option,  he  may  buy  the  properties  outright,  and  thus 
by  the  control  of  these  properties  make  terms,  satisfactory  to  himself, 
with  the  corporation  when  it  comes  into  existence.  The  promoter, 
in  buying  each  option  or  property,  acts  with  as  much  secrecy  as  he 
deems  necessary  to  avoid  exposing  his  plans  as  a  whole. 

1123.  If  the  promoter  has  acted  in  good  faith  and  has  done 
his  work  well,  and  the  enterprise  is  meritorious  both  in  fact  and 
in  popular  belief,  he  may  obtain  a  handsome  return  for  his  work. 
And  under  such  conditions  he  deserves  no  less,  for  he  has  put  his 
time,  efforts,  property,  and  credit,  at  his  own  risk,  into  the 
creation  of  an  enterprise  to  supply  needed  service.  The  fact  that 
the  promoter's  chief  motive  is  the  hope  of  a  Hberal  return  from 
his  risk  and  effort  should  in  no  way  cloud  the  fact  that  he  has 
performed  an  indispensable  and  difficult  work  in  creating  a  busi- 
ness mechanism  which  will  convert  capital  into  service  desired 
by  the  community  or  by  the  people  at  large. 

Of  course,  if  a  man  promotes  a  corporation  ostensibly  for  the  purpose 
of  carrying  on  a  mis-called  meritorious  enterprise,  but  really  for  the 
sole  purpose  of  selling  at  a  hold-up  price  to  the  corporation  some  prop- 
erty which  he  controls  through  ownership  or  option,  he  is  carrying  on  a 
swindle  rather  than  a  true  promotion;  and  is  legally  liable  to  the  cor- 
poration if  he  has  defrauded  it  of  value  and  to  individuals  who  have  been 
injured  by  his  misrepresentation. 

1124.  The  foregoing  description  of  the  work  of  the  promoter 
of  a  private  corporation  perhaps  does  not  accurately  represent 
any  one  case,  for  the  circumstances  of  no  two  cases  are  precisely 
alike,  and  of  some  cases  are  as  widely  different  as  can  be  imagined. 
For  example,  the  promoter  may  find  it  necessary  to  plan  his 
financial  scheme  with  an  investment  banker,  because  the  latter 
will  consider  advancing  the  needed  capital  only  on  condition 
that  he  have  a  hand  in  the  planning.  And  sometimes  the  control 
and  direction  of  the  promotion  is  taken  over  at  this  stage  by  the 
banker,  who  thereupon  becomes  for  the  time  being  himself  a 
promoter.  Sometimes,  where  large  capital  is  needed,  two  or  more 
bankers  may  join  together  in  taking  over  from  the  original  pro- 
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moter  the  control  and  direction  of  the  final  ste'ps  in  the  promotion 
of  the  enterprise.  The  financial  plan  in  such  a  case  is  likely  to  be 
not  the  choice  of  any  individual  but  a  mutually  acceptable 
compromise. 

Again,  the  prospects  of  the  enterprise  may  be  so  uncertain — 
as  in  the  case  of  a  new  mine,  for  instance — that  investment 
bankers,  and  others  in  control  of  large  sums,  will  decline  to  fur- 
nish the  necessary  capital.  The  promoters  must  then  turn  to 
the  multitude  of  small  capitalists,  hoping  to  find  a  number  who, 
in  the  hope  of  great  return,  are  willing  to  risk  small  sums  suffi- 
cient to  produce  the  required  total. 

Promotion  of  Other  Business  Units 

1125.  Investigation,  financing,  and  organization  are  as  neces- 
sary to  the  intelligent  setting  up  of  one  kind  of  business  unit 
as  another;  hence,  though  it  is  not  usual  to  do  so,  it  is  as 
logical  to  speak  of  promotion  and  promoter  in  connection  with 
the  individual  business,  the  partnership,  and  the  public  corpora- 
tion, as  with  the  private  corporation. 

1126.  The  sole  proprietor  is  his  own  promoter,  of  course. 
His  aim  in  promotion  may  be  either  (1)  to  establish  the  business, 
and  thereafter  to  control  and  manage  it,  or  merely  to  control 
it;  or  (2)  to  establish  the  business  in  order  to  sell  it  soon  at  a  profit. 

1127.  The  idea  of  forming  a  partnership  ordinarily  occurs 
first  to  one  of  the  partners-to-be;  and  that  one,  in  prevailing  on 
one  or  more  individuals  to  join  him  in  a  partnership,  acts  as  a 
promoter.  (Of  course,  the  one  or  more  who  are  invited  to  enter 
the  partnership  should  make  a  thorough  investigation  not  only 
of  the  promoter's  plan  and  data,  but  also  of  the  promoter  himself.) 

1128.  The  promotion  of  a  public  corporation  is  practical 
politics,  that  is,  'Hhe  conduct  of  the  immediate  public  affairs 
of  the  state."  Therefore,  in  promoting  a  public  corporation, 
an  individual,  whatever  his  regular  occupation,  becomes  for  the 
time  a  politician. 

As  a  rule  the  promotion  of  a  public  corporation  is  the  work 
of  a  group  of  individuals,  which  pushes  a  plan  pleasing  in  all 
points  to  no  individual  but  agreed  upon  as  the  most  promising 
compromise. 

Even  the  taking  over  of  a  private  enterprise  by  a  municipality 
is  the  result  of  promotion.  The  most  active  promoter  in  some 
cases  is  the  original  owner  of  the  enterprise  who  believes  that  he 
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will  gain  more  from  selling  than  from  continuing  the  enterprise. 
Over-regulation  is  likely  to  create  such  belief. 

The  promoter  of  a  private  corporation  works  in  the  hope  of 
making  money  for  himself.  He  pretends  no  other  aim,  and  none 
is  deceived  in  this  regard.  But  in  a  case  of  a  man  promoting 
the  idea  of  a  municipality's  entering  upon  a  new  line  of  enterprise 
the  motive  is  not  so  clear.  There  may  be  one  unselfish  or  dis- 
interested motive,  or  one  or  several  selfish  ones.  Hence,  the 
voters  of  the  municipality  should  make  as  thorough  an  investiga- 
tion of  the  promoter's  plan  before  deciding  the  question  of  accept- 
ing it  as  the  banker  makes  of  the  plans  of  the  promoter  of  the 
private  corporation;  and  the  investigation  by  the  voters  cannot 
be  considered  as  complete  so  long  as  the  promoter's  real  motive 
remains  undiscovered. 


CHAPTER  XII 

IRREDUCIBLE    DATA    OF  PROBLEM   OF   INVESTMENT 

1201.  The  diagram  (Fig.  1201)  of  the  first  stage  of  the  analysis 
of  the  problem  of  investment  may  be  recognized  as  the  initial 
part  of  Fig.  414. 

Yield 


Choice  (based  on  comparison  of:) 


(Opportunity  I) 

Yield 
(Opportunity  II) 
Irreducible  data 


Fig,   1201. — Analysis  of  problem  of  investment. 

The  analysis  of  yield  has  been  carried  through  several  stages 
in  chap,  ii,  iv,  v,  vi,  vii,  and  viii.  To  the  analysis  of  irreducible 
data  we  have  given  some  consideration  in  connection  with  a 
particular  example  in  chap.  ii.  To  give  final  consideration  to 
the  subject  is  the  present  purpose. 

1202.  The  ideal  of  the  capitalist  is  to  put  his  funds  in  service 
in  such  place  and  manner  and  under  such  conditions  as  to: 
(la)  give  the  maximum  possible  yield;  (16)  give  the  highest 
assurance  of  maximum  appreciation  (increase  in  value);  (Ic) 
incur  minimum  taxes;  (2)  leave  no  doubt  of  the  return  of  the 
principal ;  (3)  assure  the  periodic  return  in  uniform  payments ;  (4) 
subject  him  to  a  minimum  of  liability;  (5)  permit  his  selling  his 
rights  in  his  investment  quickly  and  advantageously  at  any  time; 
(6)  permit  borrowing  money  advantageously  at  any  time  on  his 
rights  in  his  investment,  as  security ;  (7)  suit  his  wishes  as  to  dur- 
ation of  investment;  (8)  permit  him  to  control  his  investment  to 
just  the  extent  that  he  desires  and  no  more;  (9)  permit  him  to 
manage  the  service  to  just  the  extent  of  his  wishes;  and  (10)  have 
the  units  of  investment  of  most  convenient  size  or  denomination. 

1203.  Though  opportunities  for  placing  capital  are  endless 
in  variety,  there  is  none  that  reaches  the  ideal  as  described  above. 

For  example,  U.  S.  Government  bonds,  which  are  practically  ideal  in 
point  of  safety,  are  far  from  ideal  in  the  point  of  size  of  return.  (This 
is  because  there  are  so  many  capitalists  who  prize  safety  above  other 
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considerations  that,  in  bidding  against  one  another  for  the  bonds,  they 
run  the  price  of  the  bonds  up  to  such  a  point  that  the  return  on  the 
investment  is  comparatively  low.) 

Qualities  la,  16,  Ic,  as  we  have  seen,  are  '* reducible,"  and 
readily  combined  into  the  quality  ''yield"  which  serves  as  the 
numerical  basis  of  comparison.  All  of  the  other  qualities,  2 
to  10,  come  under  the  general  head  ''irreducible  data,"  and 
collectively  serve  as  a  non-numerical  basis  of  comparison. 

The  foregoing  diagram  (Fig.  1201),  when  developed  to  show  the 
first  stage  in  the  analysis  of  the  element,  irreducible  data,  be- 
comes the  diagram  of  Fig.  1203. 


Yield 
(Opportunity  I) 


Choice  (based  on 
comparison  of:) 


Yield 
(Opportunity  II) 


Irreducible  data 


(Data  pertaining  to :) 
Safety  of  principal 
Safety  and  uniformity  of  yield 
LiabiHty 
Marketability 
Collateral  value 
Duration 
Control 
Management 
Units 
ProbabiHty  of  appreciation 

Fig.   1203. — Analysis  of  problem  of  investment. 

It  is  evident  that  the  prudent  capitalist  must  consider  each  one 
of  these  qualities  which  together  comprise  irreducible  data,  and 
so  far  as  he  is  able  determine  the  degree  of  each — for  example,  the 
degree  of  safety  of  the  principal. 

1204.  The  majority  of  these  qualities  are  more  or  less  de- 
pendent on  one  or  more  of  the  following  conditions : 

.    1.  The    investor's    financial   relation    to   the    business   unit; 

2.  The  type  of  business  unit; 

3.  The  individuality  of  the  unit; 

4.  The  general  type  of  opportunity; 

5.  The  trend  of  conditions. 

1205.  From  the  existence  of  the  two  kinds  of  financial  relations 
of  investor  to  business  unit,  namely,  that  of  ownership  and  that 
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of  creditorship;  and  of  the  four  common  types  of  business  unit, 
with  which  we  are  already  acquainted,  results  the  following 
classification  of  opportunities: 

la.  Lending  to  a  sole  proprietor; 

16.  Becoming  a  sole  proprietor; 

2a.  Lending  to  a  partnership; 

26.  Entering  partnership; 

3a.  Lending  to  a  private  corporation: 

On  a  note; 

By  buying  its  notes; 

By  buying  its  bonds; 
36.  Becoming  a  stockholder  in  a  private  corporation: 

By  buying  its  common  stock; 

By  buying  its  preferred  stock; 
4.  Buying  bonds  (or  other  obligations)  of  a  public  corporaition. 

la.  In  lending  to  a  sole  proprietor  the  capitalist  assumes  no  part  in 
control  or  management  of  the  business,  and  his  risk  is  tempered  by  the 
fact  that  all  of  the  sole  owner's  property,  wherever  found,  is  subject 
to  the  claims  of  his  creditors.  The  lender  assumes  none  of  the  risk  of 
the  business  directly,  but  he  is  insured  against  that  risk  only  to  the  extent 
of  the  assets  of  the  sole  proprietor. 

16.  In  setting  up  as  a  sole  proprietor,  the  capitalist  assumes  the 
entire  burden  of  control  and  responsibility  for  the  management  of  the 
business  unit,  and  of  course  assumes  all  such  risk  as  may  be  inherent 
in  the  business.     Any  profits  from  the  enterprise  belong  to  him. 

2a.  In  lending  to  a  partnership,  as  to  a  sole  proprietor,  the  capitalist 
assumes  neither  control  nor  management,  but  his  risk  is  likely  to  be  less 
than  when  lending  to  a  sole  proprietor,  by  reason  of  the  fact  that  all 
of  the  personal  assets  of  all  of  the  partners  is  subject  to  the  claims  of 
creditors.  In  lending  to  a  partnership,  the  capitalist  assumes  only  such 
indirect  risk  as  may  result  from  excess  of  liabilities  over  total  assets 
of  the  partners  in  case  of  the  failure  of  the  business. 

26.  In  entering  a  partnership  the  capitalist  assumes  joint  control, 
and  so  much  of  the  management  as  may  be  agreed  upon,  but  he  may 
assume  a  greater  risk  than  does  the  sole  proprietor,  inasmuch  as  creditors 
may  fall  upon  all  of  the  property  of  any  one  partner  in  seeking  satisfac- 
tion of  their  claims.  Any  profits  made  by  the  business  unit  are  shared 
by  the  partners  according  to  agreement. 

3a.  The  capitalist  takes  over  no  part  in  control  or  management  by 
lending  to  a  corporation.  The  risk,  however,  may  be  greater  than 
when  lending  to  a  sole  proprietor  or  partnership  because  creditors  of 
a  corporation  can  go  only  to  a  limited  extent,  or  not  at  all,  beyond  the 
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corporation  property  to  the  private  property  of  the  corporation  mem- 
bers, in  seeking  to  satisfy  their  claims. 

.  In  buying  bonds  issued  by  a  private  corporation  the  capitaUst  ac- 
quires only  a  contingent  ownership  and  therefore  only  a  contingent 
control  in  the  corporation,  and  of  course  no  part  in  the  management. 
Bonds  are  usually  secured  by  mortgage  on  the  property  of  the  corpora- 
tion, while  preferred  stock  is  not.  The  rate  of  return  on  the  bond  is 
fixed,  whereas  that  on  the  preferred  stock  is  fixed  only  as  to  the  upper 
limit. 

Notes  issued  by  private  corporations  differ  from  bonds  chiefly  in 
maturing  in  from  2  to  5  yr.  instead  of  in  from  5  to  100  yr.  and  upward, 
and  generally  in  not  being  secured  by  mortgage. 

36.  While  the  stockholders  of  a  corporation  have  entire  control  of 
the  business  unit,  exerting  this  control  through  the  ballot — one  vote 
for  each  share  of  stock — the  real  control  is  exercised  by  one  or  more 
stockholders  who,  by  ownership  or  influence,  control  the  votes  of  a 
majority  of  the  shares.  The  minority  stockholders  are  likely  to  have 
little  influence  in  the  control  of  the  business  unit.  Thus  the  degree  of 
control  acquired  by  the  capitalist  who  buys  stock  of  a  corporation  will 
depend  upon  what  proportion  of  the  total  issue  of  stock  he  buys  and 
on  his  influence  among  other  stockholders.  The  stockholder,  as  such, 
takes  no  part  in  the  management  of  the  business.  As  to  risk,  whether 
he  be  a  majority  or  a  minority  holder,  he  shares  this  in  proportion  to 
his  holdings;  but  the  risk  extends  no  further  than  to  the  sum  paid  for 
the  stock;  unless  personal  liability  of  stockholder  is  expressly  fixed  by 
statute.  In  this,  his  position  is  decidedly  more  favorable  than  that  of 
the  sole  proprietor  or  partner.  The  stockholder  is  entitled  to  share  in 
the  profits  according  to  the  number  of  shares  he  owns,  but  the  board  of 
directors  decides  what  part  of  the  profits  each  year  shall  be  distributed 
to  the  stockholders  and  what  part  retained  in  the  business — which  deci- 
sion is  limited  by  the  fact  that  the  directors  cannot  pass  {i.e.,  fail  to  de- 
clare) dividends  with  the  purpose  of  freezing  out  the  small  or  needy 
stockholder — the  directors  must  act  in  good  faith  for  the  interest  of  the 
corporation. 

The  degree  of  ownership  and  control  acquired  by  the  capitalist  in 
buying  preferred  stock  depends  on  the  characteristics  of  that  stock  as 
set  forth  in  the  charter  and  by-laws  of  the  corporation.  The  holder  of 
preferred  stock  devoid  of  voting  rights  has  no  part  in  the  management 
of  the  business  unit.  While  the  capitalist  assumes  less  risk  of  loss  in 
buying  preferred  than  in  buying  common  stock,  his  income  therefrom 
may  be  limited  to  a  stated  dividend  regardless  of  the  profits  gained  by 
the  enterprise. 

4.  Bonds  issued  by  the  United  States  and  by  states  rest  only  on 
the  ability  and  willingness  of  the  issuing  bodies  to  meet  their  obligations. 
Bonds  issued  by  counties,  cities,  districts,  etc.,  rest  upon  the  ability  of 
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the  bodies  to  pay,  and  the  wiUingness  of  the  courts  to  compel  (as  they 
can  do  if  the  corporation  is  in  existence  and  has  officers  reachable)  the 
corporation  to  levy  and  collect  taxes  to  pay  the  bondholder. 

1206.  The  individuality  of  a  business  unit  is  the  resultant  of 
those  characteristics  and  combinations  of  characteristics  which 
distinguish  that  particular  unit  from  all  others.  For  example, 
the  business  reputations  of  the  controlling  men  of  a  corporation 
are  so  many  elements  comprised  in  the  individuality  of  the  unit. 

As  further  examples  of  elements  of  individuality  may  be  cited  the 
following: 

A  certain  drayman  has  long-term  contracts  with  a  number  of  well- 
established  and  substantial  mercantile  houses  for  transporting  all  of 
their  incoming  and  outgoing  freight. 

A  certain  mercantile  partnership  is  sole  agent  for  a  celebrated  and 
popular  brand  of  staple  goods. 

A  certain  new  manufacturing  corporation  engages  as  manager  of 
works  a  man  who  has  previously  won  an  enviable  reputation  in  a  like 
position  with  an  old  successful  company. 

A  certain  county  is  known  to  have  been  delinquent  over  a  certain 
period  covering  a  number  of  years,  in  the  payment  of  interest  on  its 
outstanding  bonds. 

1207.  We  have  heretofore  used  the  expression  '' investment 
opportunity"  in  a  general  way  to  signify  any  opportunity  for 
placing  capital  in  remunerative  use,  without  regard  to  the  charac- 
teristics of  the  opportunity  (and,  by  the  way,  we  shall  so  continue 
to  do  beyond  this  section).  We  have  now,  under  the  head  of 
general  t3rpe  of  opportunity  to  consider  '^investment"  in  a  re- 
stricted sense,   namely,   in    contradistinction  to   ''speculation." 

Investment  has  been  defined  as  an  outlay  of  money,  or  its 
equivalent,  with  a  view  to  a  later  specified  return;  and  specula- 
tion, as  an  outlay  with  a  view  to  an  unspecified  return. 

The  opportunities  for  investment — using  investment  in  the  restricted 
sense — are  the  following:  loaning  to  (1)  a  sole  proprietor;  (2)  a  partner- 
ship; (3)  a  private  corporation;  (4)  a  public  corporation.  (Buying  a 
bond  is  of  course  one  way  of  making  a  loan.) 

All  other  opportunities  for  using  capital  remuneratively  are  oppor- 
tunities for  speculation,  and  comprise:  acquiring  ownership  as  (1)  sole 
proprietor;  (2)  partner;  (3)  holder  of  common  stock;  (4)  holder  of  pre- 
ferred stock. 

While  the  foregoing  clear-cut  classification  makes  it  easy  to 
pronounce  a  given  opportunity  for  employment  of  capital  a 
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speculation  or  an  investment,  it  is  open  to  the  possible  objection 
that  some  of  the  resulting  ''investments"  involve  much  more 
risk  of  loss  than  some  of  the  ''speculations" — for  example,  buy- 
ing the  bond  (investment)  issued  by  one  company  may  be  far 
more  risky  than  buying  stock  (speculation)  in  another. 

The  popular  distinction  between  investment  and  speculation 
is  rather  a  distinction  between  opportunities  involving  smaller 
risk  of  loss  and  those  involving  greater  risk;  and  no  sharp  line  can 
be  drawn  on  this  basis  between  the  two  resulting  classes :  what  one 
man   considers   an  investment  another  will  call  a  speculation. 

1208.  We  come  now  to  inquire  into  the  last  of  the  list  of  data 
(§1204)  which  underlie  the  qualities  of  choice  of  opportunity 
for  remunerative  use  of  capital;  namely,  the  trend  of  conditions. 

In  the  first  place  we  may  for  convenience  classify  conditions 
which  tend  to  influence  investment  choice  as  (1)  political,  (2) 
social,  (3)  financial,  (4)  economic,  and  (5) — ^for  want  of  a  better 
term — miscellaneous. 

1209.  The  question  as  to  the  probable  course  of  political 
events  has  often  an  important  bearing  on  choice  of  invest- 
ment. The  passage  of  any  law  designed  to  neutralize  the  effect 
of  free  economic  forces  is  of  moment  to  a  multitude  of  business 
units. 

The  passage  of  a  new  tariff  law  has  a  direct  and  favorable  effect  on 
many  enterprises,  and  a  direct  and  adverse  effect  on  many  others;  while 
it  affects  indirectly  and  in  different  degrees  a  multitude  of  still  other 
enterprises. 

The  prospect  of  greater  liberality,  or  the  opposite,  in  government 
regulation  of  public  service  corporations,  directly  influences  the  attrac- 
tiveness of  investment  in  those  corporations,  and,  to  only  a  less  extent, 
in  the  business  units  which  sell  to  those  corporations. 

Again,  taxes  must  be  considered  in  connection  with  certain  classes  of 
investment  opportunity.  Each  state  and  each  municipality  (to  the 
extent  permitted  by  its  charter)  makes  its  own  tax  laws,  and  a  very  great 
diversity  of  laws  is  the  result.  Some  states  levy  income  tax  (each  state 
according  to  its  own  schedule),  while  other  states  do  not.  Some 
states  levy  inheritance  taxes  (no  two  on  precisely  the  same  schedule)  ^ 
and  others  do  not.  Some  states  have  profession,  trade,  or  occupation 
taxes;  others  do  not.  And  so  on.  Obviously  the  prudent  investor  in 
long-term  offerings  will  not  only  inform  himself  as  to  the  present  tax 
laws  affecting  a  proposed  investment,  but  will  also  forecast  to  the  best 
of  his  ability  the  probable  direction  and  amount  of  change  that  will  be 
made  in  those  laws  during  the  life  of  the  proposed  investment. 
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1210.  Changes  in  fashions,  habits,  tastes,  customs,  standards 
of  living,  public  opinion — in  fact  all  social  changes — have  direct 
and  indirect  effects  upon  the  financial  success  of  countless 
enterprises. 

The  following  examples  may  be  cited  in  illustration  of  the  foregoing 
statement. 

The  passing  of  the  fashion  of  riding  bicycle  had  of  course  a  momentous 
effect  on  all  makers  of  bicycles. 

The  risk  of  arousing  adverse  public  opinion  in  regard  to  appearance, 
or  safety,  or  sanitation,  or  public  health,  may  be  greater  in  choosing 
one  type  of  structure  than  in  choosing  another  type.  Again,  the  pros- 
pect for  continuous  and  constant  or  increasing  demand  for  service  may 
be  better  with  one  type  of  structure  than  with  another. 

1211.  The  future  trend  of  financial  conditions  will  have  its 
effect  on  choice  of  investment. 

To  illustrate :  A  business  unit  decided  last  year  to  build  a  cheap  tem- 
porary structure  and  put.  off  building  a  proposed  alternate  permanent 
expensive  structure.  While  anticipation  of  lower  prices  and  wages 
had  considerable  influence  on  the  decision,  a  factor  of  moment  was  the 
anticipation  of  obtaining  funds  2  or  3  yr.  later  under  terms  much 
more  favorable  to  the  borrower  than  the  terms  then  offering. 

1212.  Choice  of  investment  may  be  materially  influenced  by 
prospective  economic  conditions. 

For  the  illumination  of  this  statement  the  following  examples  may  be 
helpful. 

The  probability  of  rise  in  prices  of  materials  and  labor  may  be  much 
greater  for  one  proposed  structure  than  another. 

The  outlook  for  prompt  dehvery  of  ample  materials,  and  for  sufficient 
supply  of  dependable  labor  may  be  brighter  for  one  type  of  structure 
than  for  another. 

1213.  A  multitude  of  miscellaneous  prospective  conditions, 
pertaining  particularly  to  the  construction  and  operation,  is 
necessarily  included  as  pertinent  irreducible  data  when  choosing 
between  two  or  more  structures  proposed  for  a  specified  service. 

A  typical  example  of  such  data  is  the  following:  Of  two  types  of 
hghway  bridge  proposed  for  a  given  site,  let  us  say  that  No.  1  can  be 
built  in  6  mo.  and  No.  2  in  12  mo.,  and  assume  that  the  traveling 
public  will  be  materially  inconvenienced  throughout  the  period  of 
construction.  What  is  the  present  justifiable  expenditure  to  save  the 
traveling  public  from  6  mo.  material  inconvenience?    This  question 
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is  in  no  case  easy  to  answer.  Ordinarily  the  only  question  that  need  be 
answered  is  the  following:  Is  it  justifiable  to  pay  $  ...  (a  stated  sum) 
to  save  the  public  from  6  mo .  material  inconvenience  ?  And  this  question 
is  answered  with  comparative  ease.  It  is  always  far  easier  to  decide 
whether  or  not  you  will  take  a  thing  at  a  named  price  than  to  decide 
on  the  maximum  you  would  pay  for  it. 

Additional  examples  of  irreducible  data  of  the  same  general  nature 
are: 

(a)  It  may  be  more  difficult  to  obtain  capital  to  build  one  kind  of 
structure  than  to  build  another. 

(b)  Promise  of  early  date  of  operation  may  be  greater  in  the  case  of 
one  proposed  structure  than  in  that  of  another. 

(c)  Where  the  proposed  structure  is  to  be  an  addition  to  or  alteration 
of  an  existing  operating  structure,  or  is  to  be  in  close  proximity  to  a 
neighboring  independent  structure,  one  of  the  proposed  structures  may 
appear  to  have  the  advantage  over  another  in  one  or  more  of  the  follow- 
ing points:  (i)  Extra  cost  of  construction  to  prevent  interruption  to 
operation  of  existing  structure;  (ii)  extra  cost  of  operation  during  con- 
struction; (iii)  net  loss  by  reason  of  interruption  to  operation  from  and 
during  construction. 

(d)  One  proposed  structure  may  have  the  advantage  of  another  in 
the  point  of  probability  of  loss  from  accidents  to  property  or  persons, 
inside  and  outside,  whether  of  owner,  employees,  or  other. 

(e)  One  structure  may  offer  less  risk  than  another,  of  trouble  from 
uncertainty  as  to  the  legal  status  of  patented  methods  or  devices,  or 
as  to  titles  to  property, 

(/)  There  may  be  more  risk  of  failure  of  guarantee  of  performance 
with  one  structure  than  with  another. 

(g)  Facility  of  future  extension  or  expansion  of  structure  may  be  more 
marked  in  one  structure  than  in  another. 

(h)  Two  structures  proposed  for  a  stated  service  may  be  quite  unequal 
in  adaptability  to  possible  or  probable  future  change  in  kind,  and  even 
in  quality,  of  output. 

Conclusion 

1214.  All  the  irreducible  data  which  we  have  considered  in 
this  chapter  are  of  concern  of  course  to  the  investor,  and  many 
of  them  are  directly  pertinent  to  questions  which  the  engineer 
must  answer. 


CHAPTER  XIII 
BUSINESS  STATISTICS 

Financial  Statements 

1301.  It  goes  without  saying  that  the  owner  and  the  creditor 
(prospective  as  well  as  actual)  are  vitally  interested  in  the 
financial  status  of  a  business  unit,  and  hence  also  in  the  internal 
and  external  conditions  of  the  business  upon  which  the  financial 
status  depends. 

1302.  Since  the  manager,  whose  work  it  is  to  make  the  business 
render  profit  as  well  as  service,  spends  the  greater  part  of  his  time 
in  directing  and  controlling  the  internal  conditions  to  that  end,  his 
interest  in  the  conditions  must  be  vital. 

1303.  It  has  been  pointed  out  previously  that  the  financial 
status  of  the  business  unit  for  which  an  engineer  is  deciding  a 
major  question,  is  one  of  the  most  important  of  the  irreducible 
data  which  he  has  to  consider  in  making  such  choice.  Moreover, 
investigation  with  a  view  to  the  improvement  of  certain  important 
conditions  pertaining  to  a  business  is  an  ever  recurring  engineer- 
ing problem. 

1304.  Thus  the  engineer,  as  well  as  the  owner,  the  creditor, 
and  the  manager,  must  be  vitally  interested  in  the  conditions  whose 
resultant  is  the  financial  status. 

1305.  Financial  status  of  a  business  can  be  determined  only 
from  the  numerical  facts  of  the  internal  and  external  conditions 
of  which  the  status  is  the  resultant.  These  numerical  facts, 
when  systematically  collected,  are  business  statistics. 

The  easiest  way  of  getting  acquainted  with  the  types  of  facts,  and 
their  relations  to  financial  status,  is  to  put  oneself  in  the  place  of  him 
who  seeks  to  know  the  financial  status  of  a  particular  business  unit  from 
a  particular  standpoint.     And  this  is  the  way  which  we  shall  follow. 

BALANCE  SHEET 

1306.  Let  us  be  dealers  in  building  materials,  and  let  our  interest 
now  center  in  the  affairs  of  Mr.  John  Doe,  contractor,  of  whom  we 
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know  nothing  except  that  he  is  a  builder  in  concrete  and  has 
just  written  us  asking  for  cement  on  credit — say  $500's  worth. 
We  ask  to  be  informed  of  his  financial  status;  and  he  replies: 

''Net  assets,  $5000." 

1307.  Probably  the  fact  of  first  importance  among  the  data 
revealing  the  financial  condition  of  a  business  unit  is  net  assets, 
which  is  the  value  of  that  portion  of  its  property  which  is  over 
and  above  the  total  of  claims  outstanding  against  the  business 
unit. 

1308.  Knowing  now  the  meaning  of  net  assets  and  the  figure, 
$5000  of  Mr.  Doe's,  ought  we  to  be  satisfied?  Shall  we  be 
able  from  this  information  to  judge  intelligently  of  the  advis- 
abihty  of  trusting  him  for  $500's  worth  of  goods? 

1309.  The  discussion  of  this  question  can  be  materially  short- 
ened by  using  the  following  two  business  terms:  assets  and 
liabilities.  The  assets  of  a  business  unit  may  be  described,  with 
sufficient  precision  for  the  present  purpose,  as  being  the  value, 
expressed  in  terms  of  money,  of  the  total  property  possessed  by 
the  unit.  The  liabilities  of  a  business  unit  are  the  debts  or 
pecuniary  obligations  of  the  unit.  From  definitions  just  given,  it 
is  evident  that 

net  assets  =  assets  — liabilities. 

Now,  returning  to  the  question — 

1310.  Let  us  consider:  Net  assets  change  from  day  to  day — 
from  moment  to  moment  of  the  business  day,  as  business  is 
transacted.  This  requested  credit  of  $500  is  only  Ho 
of  the  net  assets,  $5000.  Is  it  likely  that  Doe's  net  assets 
may  materially  decrease  before  the  proposed  date  of  payment  of 
the  $500?  This  likelihood  depends  not  so  much  on  the  ratio  of  the 
requested  credit  of  $500  to  the  net  assets  of  $5000  as  on  the  ratio 
of  net  assets  to  total  assets.  If  Doe's  net  assets  of  $5000  come 
from,  say,  $500,000  assets  and  $495,000  liabilities,  it  is  evident 
that  a  small  relative  decrease — 1%  in  fact — in  assets  or  a 
small  relative  increase  in  liabilities  would  be  sufficient  to  wipe 
out  entirely  the  net  assets;  and  such  a  change  is  quite  possible 
in  the  ordinary  course  of  business.  On  the  other  hand,  if  the 
net  assets,  $5000,  arise  from  $6000  assets  and  $1000  liabihties,  it 
would  require  a  relative  decrease  of  80%  in  assets,  or  a  400% 
increase  in  liabihties  to  reduce  the  $5000  net  assets  to  zero;  and 
changes  of  these  magnitudes  are  not  likely  to  occur  in  short 
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periods  of  ordinary  business.     It  is  quite  plain  then  that  we  must 
know  the  assets  and  liabiHties,  before  passing  judgment. 

1311.  On  request,  Mr.  Doe  sends  this  statement  of  his  business: 

Assets $8500 

Liabilities $3500 

Net  Assets $5000 

Now  should  we,  or  should  we  not,  on  the  showing  in  this  state- 
ment give  him  credit  for  $500's  worth  of  cement? 

1312.  We  cannot  reach  an  informed  decision  without  some 
knowledge  of  the  character  of  the  assets  and  of  the  liabilities. 
The  reason  for  this  answer  will  appear. 

Many  business  men  classify  an  asset  on  the  basis  of  time  re- 
quired to  liquidate  it  (convert  it  into  cash)  in  the  ordinary  course 
of  business,  as  either  a  current  asset  or  a  fixed  asset.  Similarly 
they  classify  a  liability,  on  the  basis  of  time  which  will  elapse 
before  its  maturity,  as  either  a  current  liability  or  a  fixed  liability. 

The  distinction  in  accounting  practice  between  "current'"  and 
"fixed"  liabilities  is  not  uniform.  For  example,  some  accountants 
fix  the  character  of  a  liability  at  the  time  it  is  incurred,  while  others 
revise  their  classification  of  certain  kinds  of  debts  at  each  balance-sheet 
date. 

1313.  On  further  request,  Mr.  Doe  sends  us  a  statement  of  his 
financial  condition,  as  in  Fig.  1313. 

Assets : 

Current  assets ,   $5500 

Fixed  assets 3000 

Total  assets $8500 

Liabilities : 

Current  liabilities $2500 

Fixed  liabilities. 1000 

Total  liabilities 3500 

Net  assets $5000 

Fig.  1313. — Statement  of  Doe's  financial  condition. 

That  this  statement  sheds  additional  Hght  on  our  question 
is  plain.  But  after  all  it  leaves  us  in  twilight,  as  it  were,  because 
current  assets  shade  almost  insensibly  into  fixed  assets,  and 
current  liabilities  shade  into  fixed  liabilities.     An  asset  may, 
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as  to  degree  of  liquidity,  lie  anywhere  between  cash  (which  is 
100%  "liquid")  and  "a,  drug  in  the  market '^  (which  is  not 
"liquid"  at  all).  And  a  liability  may,  as  to  time  of  maturity, 
lie  anywhere  between  an  account  that  is  now  due  or  over-due  and 
a  bond  that  has  a  century  to  run. 

1314.  Carrying  the  analysis  of  net  assets  one  step  further 
yields  the  diagram  of  Fig.  1314. 

Cash  in  hand 

Cash  in  bank 

(+) 

Drafts,  checks,  money- 
orders 
Current    I  Cash  claims      Accounts  receivable 
assets  Notes  receivable 

Bonds 

(+) 
Stock  certificates   (value  of,  on  hand 
and  in  safety  deposit  box  at  bank) 

(+) 
Materials  (value  of,  on  hand) 

Land 
(+) 
Improvements  (buildings,  etc.) 

(+) 
Equipment 


Net 
Assets 


Assets 


(+) 

Fixed 

assets 
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Prepaid    J  Values  not  received,   but  paid  for  in 
expenses    [     advance  {e.g.,  unexpired  insurance) 


(-) 


Liabilities 
^{i.e.,  debts) 


Current 
debts 


(+) 


Fixed 
debts 


Accounts  payable 

(+) 
Notes  payable  (short-term  notes) 


(+) 
Accrued  debts 


Accrued  interest 
Accrued  wages 
Accrued  taxes 
etc. 


Long-term  notes  ,  ,    .,,  .,,       . 

7^.  J  (with  or  without 

Bonds  *     mortgage) 


Fig.   1314. — An  analsyis  of  net  assets. 


It  should  be  understood  that  the  diagram,  Fig.  1314,  is  merely  a 
specimen,  and  that  any  actual  diagram  constructed  from  the  data  of  a 
particular  business  unit  for  a  particular  date  would  probably  differ  from 
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the  specimen  by  the  omission  of  some  of  its  items  or  by  the  inclusion  of 
items  which  it  does  not  show,  or  by  both  omission  and  inclusion. 

1315.  Let  us  critically  examine  some  of  the  items  shown  as 
elements  of  current  assets,  fixed  assets,  etc.,  in  the  diagram. 

Cash  on  hand  is  100  %  liquid,  for  it  will  be  taken  on  the  spot 
at  its  face  value  in  settlement  of  debt.  Cash  in  the  bank  is  the 
same  as  cash  on  hand ;  and  the  same  is  practically  true  of  drafts, 
checks,  and  money-orders,  because  cash,  to  the  amount  specified 
in  these  papers,  is  forthcoming  when  they  are  presented  for 
payment. 

Accounts  receivable  call  for  specific  sums  of  cash,  but  there  is 
more  or  less  uncertainty  as  to  when  cash  will  be  delivered,  and 
even  in  regard  to  whether  all  of  it  will  ever  be  delivered. 

Notes  receivable  are  payable  on  specified  dates  and  call  for 
specific  sums  of  cash,  but  there  is  always  the  question  in  regard 
to  any  note  as  to  how  good  it  is.  If  it  is  good  enough  it  may  be 
sold  before  its  due  date  nearly  or  quite  at  its  face  value  plus 
accrued  interest.  Bonds  are  like  notes,  and  must  be  valued  by 
the  market  price,  regardless  of  their  face  value,  interest  rate,  or 
due  date;  and  this  market  price  may  fluctuate  more  or  less 
according  to  the  reputation  of  the  company  issuing  the  bonds,  and 
other  conditions. 

Stock  certificates  also  must  be  valued  by  market  price,  and 
this  may  be  widely  different  at  the  two  ends  of  a  week,  or  even 
of  a  day. 

The  value  of  materials  may  be  given  as  their  cost,  or  the  present 
market  price,  but  in  any  case  the  net  cash  that  can  be  obtained 
for  them  at  forced  sale  is  likely  to  be  much  less  than  cost. 

The  value  of  land,  improvements,  and  equipment  cannot  be 
appraised  with  any  degree  of  certainty;  and  to  sell  at  approxi- 
mately their  appraised  values  may  require  many  months. 
So  little  commercial  mobility  have  these  assets,  that  they  are 
commonly  designated  as  fixed  assets. 

The  prepaid  expenses  are  items  which  cannot  be  liquidated 
during  the  continuation  of  the  business. 

The  above  brief  discussion  is  sufficient  to  show  the  variety  of 
uncertainties  existing  in  any  cash  evaluation  of  the  assets  of 
different  kinds. 

On  the  other  hand  liabilities  at  any  date  are  exactly  knowable. 

However,  there  is  a  great  difference  between  debts  that  are 
now  due  or  that  fall  due  in  the  near  future,  and  debts  that  will 
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not  become  payable  for  a  year  or  several  years,  because,  so  long 
as  a  business  unit  remains  solvent,  the  short-time  creditors  are 
not  rivals  of  the  long-time  creditors. 

Returning  to  the  question  of  our  extending  credit  to  the 
contractor,  it  should  be  clear  now  that  the  answer  cannot  be  given 
intelligently  until  he  has  supplied  us  with  the  actual  or  appraised 
values  of  the  various  elements  of  both  his  assets  and  liabilities. 

1316.  On  request  for  more  particulars  Mr.  Doe  furnishes  a 
formal  statement,  Fig.  1316,  known  as  a  balance  sheet. 

JOHN  DOE 
Balance  Sheet,  Dec.  31,  1921 

Assets 
Current  Assets 

Cash $    37. 16 

Accounts  receivable 491 .  07 

Notes  receivable 100 .  00 

Stock  certificates 2000. 00 

Materials '. 2871 .  77 

Total  current  assets $5500. 00 

Fixed  Assets 

Land  and  improvements $2600. 00 

Office  equipment 400 .  00 

Total  fixed  assets 3000.00 

Total  assets $8500. 00 

Lddbilities 
Current  Liabilities 

Accounts  payable $  800 .  00 

Notes  payable 1700. 00 

Total  current  liabilities .  $2500 .  00 

Fixed  Liabilities 

Mortgage  note $1000. 00 

Total  fixed  liabilities 1000.00 

Total  liabilities $3500.00 

Net  assets 5000.00 


$8500.00 


Fig.  1316. — Doe's  balance  sheet. 
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Could  we  make  a  show  of  reason  for  asking  Doe  to  supply  us 
with  the  sub-items  making  up  the  items  listed  as  assets?  We 
could  reasonably  ask  for  particulars  concerning  some  of  the  items. 
For  example,  pertinent  to  the  matter  of  extending  credit  are  such 
questions  as  the  following:  What  proportion  of  the  Notes  Re- 
ceivable is  long  overdue?  Of  what  corporations  are  the  stock 
certificates,  and  do  the  certificates  represent  common  stock  or 
preferred?  Where  is  the  land  and  what  is  the  quantity?  When 
does  the  mortgage  note  fall  due?  It  is  plain  that  the  answer  to 
any  one  of  these  questions  is  a  factor  of  some  influence  in  reaching 
an  intelligent  decision  on  Doe's  request  for  credit. 

1317.  Assuming,  now,  for  the  sake  of  getting  on  in  the  dis- 
cussion, that  Doe  has  supplied  us  with  the  ultimate  elements 
of  net  assets;  have  we  all  requisite  financial  data  for  making  our 
decision? 

The  answer  to  this  question  is.  No;  because,  when  we  come  to 
think  of  it,  the  complete  balance  sheet  after  all  gives  us  only  an 
instantaneous  view  of  Doe's  business:  shows  the  conditions  at 
a  certain  moment — the  end  of  business  hours  of  Dec.  31,  1921. 
The  balance  sheet  gives  no  indication  whatever  of  the  past  course 
of  the  business — whether  it  has  been  improving  or  declining — and 
so  leaves  us  without  this  valuable  aid  to  forecasting  the  probable 
future  course  of  the  business;  which  probable  future  course  has 
a  real  bearing  on  the  question  of  extending  credit  to  Doe. 

1318.  Some  indication  of  the  past  course  of  business  could  be 
obtained  by  comparing  the  balance  sheet  above  with  an  earlier 
balance  sheet — say  that  made  a  year  earlier,  of  date  Dec.  31,  1920. 
If  the  net  assets  of  Dec.  31,  1921  exceed  the  net  assets  of  Dec. 
31,  1920,  the  excess  is  the  net  income  (see  qualification  of  this 
statement,  made  below)  or  profit  resulting  from  the  year's  business ; 
if  the  net  assets  of  the  later  date  are  less  than  those  of  the  earlier 
date  the  year's  business  has  resulted  in  a  loss ;  and  if  the  net  assets 
of  the  later  date  equal  those  of  the  earlier  date,  the  result  of  the 
year's  business  has  been  zero — neither  profit  nor  loss. 

This  statement  above  holds  true  only  when  there  has  been,  between 
the  two  balance-sheet  dates,  no  withdrawal  of  profits  or  of  capital,  and 
no  addition  of  capital  from  sources  outside  the  business.  If  there  have 
been  withdrawals  or  additions,  a  statement  of  them  must  accompany 
the  balance  sheets  in  order  to  permit  calculating  the  net  result  of  the 
business  during  the  interval  between  the  balance-sheet  dates. 
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1319.  Suppose  that  Doe's  balance  sheet,  of  date  Dec.  31, 
1921,  shows  net  assets  greater  than  the  earher  net  assets  of  Dec. 
31,  1920;  in  short,  suppose  that  his  business  during  the  year  has 
resulted  in  a  net  income,  say  S2000.  Knowing  this  we  must  still 
however  be  curious,  because  this  net  income  may  have  been  due 
to  either  good  management  or  good  luck.  Good  management 
promises    continuing    success;    good    luck    promises    nothing. 

1320.  To  judge  of  the  management,  we  must  know  something 
of  the  transactions  which  constituted  the  current  business  of  the 
year  and  resulted  in  the  net  income  aforesaid. 

INCOME  SHEET 


1321.  Doe  takes  a  contract  for  a  piece  of  concrete  work,  buys 
materials — cement,  sand,  and  crushed  rock — and  employs  labor 
and  rents  equipment  to  convert  them  into  concrete,  for  which  he 
is  paid  the  contract  price.  His  business  consists  of  repetitions 
of  this  series  of  operations.  Besides  outlays  for  materials,  labor, 
and  plant  rental,  there  are  taxes,  interest,  office  help  and  expenses, 
etc.,  which  must  be  paid. 

1322.  A  partial  analysis  of  Doe's  net  income,  conducted  on 
the  hues  indicated  above,  would  yield  a  diagram  something  like 
Fig.  1322. 
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Fig.  1322. — An  analysis  of  net  income. 

The  arrangement  of  the  elements  in  Fig.  1322  is  in  no  way  fixed: 
many  other  arrangements  are  possible.  And  the  terms  ''Receipts  from 
contracts,"  ''General  expenses,"  etc.,  are  merely  descriptive,  and  might 
be  varied  indefinitely. 
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1323.  The  customary  financial  statement  corresponding  to  the 
foregoing  diagram  of  analysis  of  net  income  is  called  an  income 
sheet,  and  is  designated  also  by  various  other  names,  such  as 
*' profit  and  loss  statement,"  and  ''loss  and  gain  statement.'^ 

1324.  Suppose  that  we  ask  Mr.  Doe  for  an  income  sheet  of  his 
business  for  the  year  ending  Dec.  31,  1921.  and  he  responds  with 
that  shown  in  Fig.  1324a. 

JOHN  DOE 

Income  Sheet  for  Year  Ending  Dec.  31,  1921 

Receipts  from  contracts .  $15,000. 00 

Cost  of  materials  used $5000 .  00 

Cost  of  labor 8000. 00 

Equipment: 

Rental $700. 00 

Supplies 400 .  00 

1100.00 

Direct  cost  of  contracts 14 ,  100 .  00 

Income  from  contracts $      900. 00 

Other  income 2600. 00 

Gross  income $  3500. 00 

General  expenses 1500 .  00 

Net  income $  2000.00 


Fig.  1324a. — Doe's  income  sheet. 

From  this  income  sheet  we  gather  that  while  Doe  apparently 
made  $900  on  his  contracts  during  the  year  he  in  reality  lost 
$600  on  them,  because  the  general  expenses,  $1500,  are  charge- 
able to  the  contracts. 

The  fact,  that  it  requires  some  figuring  to  determine  that  the  net  result 
of  the  year's  contracting  was  a  loss,  indicates  that  the  arrangement  of 
the  items  of  the  income  sheet  is  not  as  convenient  as  it  might  be,  and 
that  the  analysis  of  the  diagram  might  have  been  carried  along  more 
satisfactory  lines. 

Doe's  income  sheet  would  have  better  served  its  purpose  had  it  fol- 
lowed the  lines  of  such  an  analysis  as  that  indicated  in  Fig.  1324b. 
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An  inspection  of  this  diagram  will  make  it  apparent  that  had  Doe's 
income  sheet  been  based  upon  it,  the  sheet  would  then  have  shown  at  a 
glance  that  there  had  been  a  loss  from  contracts. 

The  year's  net  income  would  have  been  rninus  $600  had  it  not 
been  for  "other  income"  of  $2600. 

The  loss  of  $600  on  the  year's  contracting  does  not  on  its  face 
promise  well  for  the  future.  As  prospective  creditors  of  Doe  we 
are  in  need  of  particulars  sufficient  to  form  an  opinion  as  to 
whether  the  loss  was  due  to  poor  management  or  to  circumstances 
over  which  he  had  no  control. 

It  is  not  to  be  assumed  that  a  contractor  is  a  poor  manager  because 
he  does  not  foresee  and  provide  against  the  coming  of  a  war  (which 
suddenly  jumps  prices  and  wages),  or  the  flood  or  earthquake  which 
comes  once  in  a  life-time  (and  destroys  partially  completed  work) ;  and 
so  on. 

And  ''other  income:"  we  should  know  some  particulars 
concerning  this  item.  If,  for  example,  it  consists  mostly  of  profit 
from  stock  speculation  during  the  year,  it  will  count  against, 
rather  than  for,  our  extending  credit. 
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However,  it  will  be  more  profitable  and  less  monotonous  to 
pursue  the  investigation  under  another  aspect. 

1325.  In  concluding  the  discussion  of  the  question  as  to 
whether  or  not  we  should  let  Mr.  Doe  have  $500' s  worth  of  mate- 
rials on  credit,  it  should  be  stated  that  his  business  reputation 
is  an  indispensable  factor  to  be  considered. 

This  point  of  business  reputation  (as  to  both  integrity  and  success  in 
past  undertakings)  is,  by  many  experienced  lenders  of  credit,  considered 
as  properly  having  more  weight  than  any  other  single  factor  in  deciding 
a  question  of  extending  credit;  and  this  late  notice  of  a  point  so  vital 
in  practice  is  due  to  the  fact  merely  that  the  point  has  no  part  in  the 
purpose  of  the  preceding  discussion,  which  purpose  is  to  build  up 
intelligible  pictures  of  balance  sheet  and  income  sheet. 

1326.  The  reader,  it  is  hoped,  has  in  following  the  foregoing 
discussion  gained  an  appreciation  of  the  purpose  of  the  balance 
sheet  and  of  the  income  sheet,  and  a  fundamental  knowledge 
of  the  general  method  of  constructing  them. 

SUPPLEMENTARY  STATEMENTS 

1327.  Of  course  the  analysis  of  net  assets  might  be  carried  so 
far  as  to  disclose  the  ultimate  elements  of  value,  as,  for  example, 
the  number  of  sacks  of  cement  on  hand  and  the  cost  per  sack; 
and  it  would  be  possible  to  draw  up  a  balance  sheet  to  correspond 
with  the  full  analysis.  But  experience  has  shown  that  a  balance 
sheet  best  serves  its  purpose  when  it  is  brief,  and  such  exhibit 
of  detail  as  may  be  needful  to  explain  or  justify  an  item  is  supplied 
not  in  the  balance  sheet  itself  but  in  a  supplementary  statement. 

Experience  has  shown  the  same  desirability  for  brevity  in  an 
income  sheet,  and  that  one  or  more  supporting  statements, 
rather  than  the  sheet  itself,  should  carry  all  needful  explanatory 
data. 

Just  the  degree  of  brevity  to  be  attained  in  a  balance  sheet 
or  an  income  sheet  in  a  particular  case  is  determined  by  judgment 
based  on  a  knowledge  of  the  particular  and  general  questions 
that  the  sheet  is  designed  to  answer. 

1328.  Statements  supplementary  to  balance  sheet  and  income 
sheet  range  from  (1)  those  which  exhibit  purely  financial  data, 
through  (2)  those  which  set  forth  unit  prices  or  unit  costs,  or 
other  ratios  between  financial  data  on  one  hand  and  physical 
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data  on  the  other,  to  (3)  those  which  contain  nothing  beyond 
physical  data. 

As  an  example  under  (1)  may  be  mentioned  a  statement  of  details 
making  up  the  item,  Notes  Receivable.  The  cost  schedule  for  a  unit 
of  product  exemplifies  (2).  An  illustration  of  (3)  is  found  in  a  statement 
giving  details  of  labor  turnover. 

ACCOUNT 

1329.  Having  determined  the  characteristic  items  which  must 
appear  in  a  balance  sheet  and  in  an  income  sheet,  in  order  that 
these  sheets  may  serve  their  purposes,  we  now  face  the  question : 
How  are  these  items  obtained? 

1330.  Looking  at  Fig.  1314  we  find  the  first  item  to  be  ''cash 
in  hand."  Evidently  the  cash  in  hand  can  be  ascertained  by 
actual  count.  For  the  next  item,  "  cash  in  bank,"  however,  there 
can  be  no  count,  because  there  is  in  the  bank  no  number  of  pieces 
of  money  identifiable  as  the  property  of  any  one  depositor;  and 
the  cash  in  bank  can  be  determined  only  indirectly  by  subtracting 
the  total  of  withdrawals  from  the  total  of  deposits,  and  these  two 
totals  can  be  found  only  from  the  record  of  withdrawals  and  the 
record  of  deposits  made  by  the  depositor.  These  two  records 
together  constitute  what  is  called  an  account. 

1331.  So  going  down  through  the  list  of  items  on  the  right 
side  of  the  diagram  we  find  that  the  values  of  some  of  the  items 
are  ascertainable,  like  cash  in  hand,  by  count;  of  other  items, 
like  cash  in  bank,  from  accounts;  and  of  still  others,  like  stock 
certificates,  by  appraisal  or  count  and  appraisal. 

1332.  Although  the  values  of  some  items  can  be  determined 
by  count  and  some  by  appraisal,  it  is  nevertheless  the  universal 
custom  to  keep  an  account  for  each  of  these  items  (for  cash  in 
hand,  for  example,  as  well  as  for  cash  in  the  bank),  to  learn 
the  value  of  the  item  from  the  account,  and  to  check  this  value  by 
count  or  appraisal.  So,  too,  it  is  the  custom  to  keep  an  account 
for  each  of  the  items  which  involve  appraisal,  and  to  enter  the 
appraised  values  in  the  accounts. 

1333.  We  have  seen  that  an  account  is  a  two-way  record:  it 
shows  the  inflow  and  the  outflow  of  value  pertaining  to  an  item 
of  ownership. 

For  example  (Fig.  1333),  if  each  receipt  of  cash  is  entered, 
along  with  date  of  receipt,  under  ''Cash  received"  on  the  left 
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half  of  the  account,  and  similarly  each  disbursement  of  cash  is 
entered  on  the  right  half  of  the  account  (this  use  of  right  and  left 
halves  is  universal  in  practice),  then,  at  any  instant  the  value  of 
cash  on  hand  can  be  found  by  subtracting  the  total  of  the  Cash 
Disbursed  column  from  the  total  of  the  Cash  Received  column. 


Cash 
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1922 
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1000.00 
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1922 

Jan.  2 

3 

(Balance) .... 

200.00 
400.00 
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1020.00 

Jan.  6 

420.00 

Fig.   1333. — Cash  account. 

In  practice  it  is  the  custom  to  enter  the  larger  total  beneath  its  column 
{e.g.,  the  total  1020.00  of  Cash  Received,  as  shown  in  Fig.  1333);  to 
enter  in  the  opposite  half  of  the  account  a  value  just  sufficient  to  make 
that  half  balance  the  other  half  (e.g.,  420.00  in  the  diagram);  and  to 
enter  the  total  of  column  thus  padded.  Then  double  lines  are  ruled 
across  the  two  halves  of  the  account  as  shown;  and  the  balance  (420.00 
in  the  diagram)  is  entered,  together  with  the  date  of  entering,  as  cash 
*'on  hand"  in  the  left  half  of  the  account. 

It  may  be  well  to  remark,  in  passing,  that  sub-heads,  such  as  "Cash 
received"  and  "Cash  disbursed,"  have  been  inserted  in  Figs.  1333, 
1336a,  13366  for  the  purpose  of  explanation.  In  practice  such  sub- 
heads are  often  omitted  (see  Fig.  1339)  as  being  unnecessary,  and  on  the 
same  grounds  it  is  not  unusual  to  omit  the  Dr.'s  and  Cr.'s  of  Fig.  1339. 

1334.  In  describing  an  account,  above,  we  have  used  the  terms 
"left  side"  and  "right  side;"  but  in  practice  the  left  side  is  regu- 
larly called  the  debit  side  and  the  right  side  is  regularly  called 
the  credit  side.  And  in  practice  "to  debit  an  account"  means 
to  make  an  entry  on  the  debit  (or  left)  side  of  the  account; 
while  "to  credit  an  account"  means  to  make  an  entry  on  the 
credit  (or  right)  side  of  the  account. 
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Thus  if  a  sale  is  made  for  cash — involving,  say  $100 — the  Cash  account 
is  debited,  and  the  Sales  account  is  credited,  with  that  sum. 

1335.  Such  is  the  structure  of  an  account  pertaining  to  an 
item. 

One  Transaction :  Two  (or  More)  Accounts 

1336.  When,  in  the  course  of  business,  cash  is  received,  it  is  in 
exchange  for  the  same  value  (nominally,  at  least)  in  some  other 
form;  and  when  cash  is  paid  out  it  is  in  exchange  for  the  same 
value  in  some  other  form.  And  so  with  the  receipt  and  dis- 
bursement of  values  in  forms  other  than  cash.  Every  trans- 
action thus  involves  the  receipt  of  value  in  one  form  and  the 
disbursement  of  the  same  value  in  other  form. 

A  transaction  therefore  affects  two  different  accounts  by  the 
same  sum  but  in  opposite  directions  (see  §1337  for  extension  of 
this  statement). 
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Fig.  1336a. — Two  accounts  affected  by  one  transaction. 
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Dr. 


Notes  Receivable 


Cr. 


Notes  receivabl 

e 

Notes  receivable 

accepted 

paid  and  returned 

1922 

1922 

Apr.  5 

1000.00 

May  16 

1000.00 


Fig.  1336&. — Two  accounts  affected  by  one  transaction. 


For  example,  suppose  that  a  merchant  buys  goods  to  the  extent  of 
$1000,  paying  cash  therefor.  The  cash  fund  is  by  the  transaction 
depleted  by  $1000;  also  the  value  (nominal)  of  goods  on  hand  is  aug- 
mented by  $1000.  Suppose  the  account,  in  which  are  made  entries 
of  bought  goods,  is  called  Purchases  account.  If  we  follow  the  same 
conventions  as  before — debiting  receipts  and  crediting  disbursements 
{i.e.,  putting  disbursements,  or  subtractive  values,  on  the  right  side  of 
an  account,  and  putting  receipts  or  additive  values  on  the  left  side  of 
an  account) — the  entries  in  the  Cash  account  and  Purchases  account, 
representing  the  transaction  above,  will  appear  as  in  Fig.  1336a. 

Similarly  for  the  payment  of  $1000  for  a  $1000  promisory  note:  in 
representing  the  transaction  the  1000  would  be  entered  on  the  credit 
{i.e.,  right)  side  of  the  Cash  account  and  on  the  debit  {i.e.,  left)  side 
of  the  Notes  Receivable  account,  as  shown  in  Fig.  13366. 

Suppose  the  foregoing  transaction  was  on  Apr.  5,  1922,  and  that  on 
May  16  the  note  is  paid  in  cash  by  the  drawer.  Then  the  corresponding 
entries  in  the  two  accounts  would  be  as  shown,  in  Fig.  1336b,  opposite 
the  two  entries  of  May  16. 
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1337.  It  is  stated  above  that  each  transaction  pertains  to  two 
accounts.  But  often  that  which  is  considered  as  one  transaction 
pertains  to  three  or  more  accounts. 

For  instance,  if  I  make  a  sale  at  $100  and  accept  in  exchange  $50  in 
cash  and  a  note  for  $50,  I  credit  the  Sales  account  with  $100  and  at 
the  same  time  debit  both  the  Cash  account  and  the  Notes  Receivable 
account  each  with  $50. 

Classification  as  to  Debit  and  Credit 

1338.  When  one  of  the  two  representatives  of  equal  value, 
which  are  exchanged  in  a  transaction,  is  cash,  there  is  no  diffi- 
culty in  determining  on  which  side  of  each  account  the  recording 
entry  should  be  made.  There  can  be  no  question  as  to  whether, 
in  the  transaction,  cash  has  been  received  or  disbursed:  if  re- 
ceived the  entry  in  the  Cash  account  will  be  on  the  debit  (left) 
side  according  to  custom;  if  disbursed,  on  the  credit  (right)  side; 
and  whichever  side  is  proper  for  the  entry  in  the  Cash  account, 
the  opposite  side  of  the  other  account  must  be  the  proper  side  for 
the  entry  in  that  account. 

It  is  not  so  immediately  clear  on  which  side  the  entry  should 
be  made  in  each  account  in  cases  in  which  the  value  in  neither 
side  of  a  transaction  is  represented  by  cash.  For  example,  when 
a  sale  is  made — say  to  the  extent  of  $200 — and  a  note  is  accepted 
therefor,  we  know  immediately  that  the  $200  should  be  entered 
on  one  side  in  the  Sales  account  and  on  the  opposite  side  in  the 
Notes  Receivable  account,  but  how  shall  we  know  on  which  side 
in  either  account? 

The  answer  becomes  apparent  on  considering  an  imaginary 
parallel  case  in  which  the  sale  of  $200' s  worth  is  made  for  cash. 
The  $200  would  be  entered  on  the  debit  (left)  side  of  the  Cash 
account,  and  hence  on  the  credit  (right)  side  of  the  Sales  account. 
Now,  as  it  makes  no  difference  to  the  Sales  account  whether  the 
return  is  in  cash  or  in  the  form  of  a  note,  it  follows  that  in  the 
original  example  the  $200  should  be  entered  on  the  credit  (right) 
side  of  the  Sales  account,  and  consequently  the  $200  should  be 
entered  on  the  debit  (left)  side  of  the  Notes  Receivable  account. 

All  similar  questions  of  classification  can  be  resolved  by 
similar  recourse  to  an  imaginary  parallel  case  in  which  cash  is 
substituted  for  one  of  the  representatives  of  value  in  the  actual 
transaction. 
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LEDGER 

1339.  The  book — bound  or  loose-leaf — which  contains  all  of 
the  accounts  (as  defined  above)  pertaining  to  a  business  is  called 
a  ledger  (Fig.  1339).  A  separate  ledger  may  be  kept  for  the 
accounts  of  each  department  of  a  business;  but  if  such  ledgers 
are  kept  they  are  called  auxiliary  ledgers,  and  their  summaries 
are  carried  periodically  to  the  ledger  which  is  then  called  a  con- 
trolling ledger. 

1340.  It  has  been  noticed  no  doubt  by  the  reader  that  each 
entry  in  each  of  the  accounts  shown  by  way  of  illustration  has 
been  very  brief  indeed — showing  in  fact  merely  the  date  and 
value  concerned  in  the  transaction. 

In  practice  some  entries  in  the  ledger  are  nearly  or  quite  as 
barren  as  those  illustrated  above,  but  usually,  between  the  date 
and  the  value  (expressed  in  dollars  and  cents),  there  is  inserted 
the  name  of  the  other  account  in  which  the  opposing  entry  of  the 
same  transaction  is  recorded,  as  shown  in  Fig.  1339. 

Ledger 


Dr.                                                        Cash                                                       Cr. 

1922 
Jan.  6 

Sales 

75.00 

1922 
Jan.  7 

Notes  payable.  .  . 

500.00 

Sales 

1922 
Jan.  6 

Cash 

75.00 

Notes  payable 

1922 
Jan.  7 

Cash 

500.00 

1 

Fio.   1339. — Part  of  a  page  of  a  ledger. 

It  is  possible  so  to  construct  the  ledger  spaces  that  all  details 
pertaining  to  each  transaction  may  be  entered  along  with  the 
date  and  value  in  each  of  the  two  accounts  involved,  but  this 
would  so  multiply  details  as  to  obscure  the  more  important. 
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Experience  has  shown  that  the  ledger  should  not  undertake  to 
exhibit  more  than  the  value  (in  terms  of  money)  that  is  ex- 
changed in  a  transaction,  together  with  the  date,  the  name  of  the 
account  in  which  the  opposing  entry  is  made,  and  the  book  and 
page  in  which  the  full  details  of  the  transaction  can  be  found. 

Sources  of  Data  for  Ledger 

1341.  The  accounts  in  the  ledger  then  are  merely  abstracts  of 
original  records  of  transactions.  The  original  records  themselves 
may  all  be  kept  in  one  book  in  chronological  order  or  in  various 
books  of  different  forms,  or  they  may  exist  as  invoices,  vouchers, 
check  stubs,  etc.  The  present  purpose  does  not  require  a  de- 
scription of  any  of  these  books  or  of  the  manner  of  keeping  them. 
It  suffices  to  say  that  in  every  case  the  system  of  such  books, 
and  methods  of  collecting  and  recording  the  original  data  of 
transactions  in  them,  are  designed  with  a  view  to  completeness, 
definiteness,  and  convenience,  and  of  producing  more  or  less 
automatically  the  data  required  for  the  ledger  accounts. 

Ledger  Balance 

1342.  Since  every  transaction  affects  two  accounts,  and  affects 
the  two  accounts  by  the  same  sum  but  in  opposing  manners — ■ 

Ledger 


Dr.  (Left  side) 


(Right  side)  Cr. 


Account  No,  1 


Account  No.  2 


Account  No.  3 


c 

a 

d 

Totals:       a  +  h  -\-  c  +  d 

a  +  b  +c  +d 

Fig.   1342. — Ledger  balance. 
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the  one  on  one  side,  the  other  on  the  other. side — the  one  posi- 
tively, the  other  negatively — it  follows  that  the  sum  of  the  totals 
of  all  left  sides  in  a  ledger  must  equal  the  sum  of  totals  of  all 
right  sides. 

For  example,  when  transactions  involving  respectively  the  sums  a,  6, 
c,  .  .  .  are  entered  each  in  its  two  proper  accounts,  the  record  as  a 
whole  will  stand  as  in  Fig.  1342. 

Obviously  the  total  of  the  left  side  of  the  ledger  is  equal  in  size  (though 
opposite  in  sign)  to  the  total  of  the  right  side. 

1343.  It  follows,  further,  that  if  the  balance  is  struck  in  each 
account  in  the  ledger,  then  there  must  result  an  equality  between 

Ledger 


Dr.  (Left  side) 


(Right  side)  Cr. 


(Balance) 


Account  No.  1 


a  -\-  d 


b  +c 

(a+d)  -  ib  +  c) 


Account  No.  2 


Account  No.  3 


a  -\-  d 


c  -  (a-hd) 


Fig.  1343. — Ledger  balance. 


the  total  of  left  side  balances  and  the  total  of  right  side  balances 
— the  algebraic  sum  of  the  balances  must  be  zero. 
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To  illustrate:  Totaling  each  side  of  each  account  in  the  ledger 
illustrated  above,  and  taking  the  difference  between  the  two  totals,  we 
obtain  the  ''balance"  of  the  account,  that  is,  the  sum  necessary  to  be 
entered  on  the  smaller  side  to  make  the  two  sides  balance  or  be  equal. 
(Since,  with  letters  instead  of  symbols,  we  cannot  tell  which  side  of  an 
account  has  the  greater  total,  we  can  only  arbitrarily  set  the  balance 
down  on  one  side  as  in  Fig.  1343.) 

The  sum  of  the  balances  is  (a  +  (^)  —  (6  +  c)  +  6  +  c  —  (a  + 
d),  which  expression  plainly  reduces  to  zero. 
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BUSINESS  STATISTICS  (CONCLUDED) 

Cost  Keeping.     Comparisons 
COST  KEEPING 

1401.  While  a  prospective  casual  creditor's  interest  in  the 
status  of  a  business  may  not  lead  him  to  carry  his  investigation 
beyond  the  yearly  income  sheet,  the  owner's  interest,  being  keener, 
prompts  him  to  carry  the  analysis  through  further  stages. 

For  example,  Mr.  Doe  is  not  content  to  know  merely  how  much 
or  how  little  he  has  made  during  a  year :  he  wants  to  know,  when 
he  has  completed  a  contract,  how  he  has  come  out  on  it.  The 
most  ignorant  of  contractors  would  have  that  much   curiosity. 

It  may  be  well  to  add  that,  unlike  the  casual  creditor,  the  professional 
creditor,  as  the  banker  to  whom  Doe  continually  applies  for  funds  to 
finance  his  contracts,  may  be  quite  as  keen  as  Doe  himself  in  the  finan- 
cial statistics  of  progress  on  current  contracts. 

1402.  For  the  convenient  determination  of  the  profit  or  loss 
reaped  from  a  contract,  it  is  only  necessary  that  on  taking  the 
contract  an  account  be  opened  with  it,  entitled  say  ''Contract 
No.  127,"  or  perhaps  ''Smith  Garage  Contract." 

All  expenditures  made  on  account  of  the  contract  would  be  charged 
(debited)  to  the  account,  and  all  payments  received  for  work  performed 
on  the  contract  would  be  credited  to  the  account.  For  example,  the 
first  pay-roll  payment  (say  $82,50)  made  in  connection  with  the  contract, 
and  the  first  payment  (say  $100)  received  on  contract  price  would 
show  on  the  account  as  in  Fig.  1402. 


Dr. 


Smith  Garage  Contract 


Cr. 


Cash,  pay-roll 

82.50 

Cash,  received 

100.00 

Fig.   1402. 
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The  difference  between  left  side  total  and  right  side  total,  after  all 
entries  have  been  made,  gives  the  profit  or  loss  on  the  contract. 

1403.  A  knowledge  of  the  profit  or  loss  on  a  completed  con- 
tract is  of  itself  a  satisfaction,  and,  combined  with  a  recollection 
of  all  circumstances  and  conditions  surrounding  the  work  on 
that  contract,  is  of  course  a  valuable  aid  to  the  judgment  in 
estimating  the  cost  of  work  on  a  proposed  contract,  though  it 
comes  too  late  to  aid  in  managing  the  work  on  that  completed 
contract. 

For  example,  if  Mr.  Doe  has  recently  completed,  at  a  cost  of  $922.46, 
a  100  cu.  yd.  concrete  job  that  he  undertook  on  contract  for  $912.10, 
knowing  that  he  lost  10  cents  a  yard  will  enable  him  to  estimate  more 
judiciously  the  next  job  on  which  he  purposes  to  bid;  and  make  him 
scan  his  mental  picture  of  the  past  work  for  defects  in  management;  but 
the  late  knowledge  of  the  loss  could  be  of  no  effect  in  helping  to 
prevent  that  loss. 

1404.  Any  knowledge  as  to  loss  or  gain  on  a  piece  of  work,  in 
order  to  be  of  any  help  in  the  management  of  that  particular  piece 
of  work,  must  obviously  be  obtained  from  time  to  time  during  the 
progress  of  that  work. 

1405.  But  how  is  such  knowledge  to  be  obtained  during  the 
progress  of  the  work?  A  clue  to  the  answer  of  this  question 
is  found  in  the  diagram  of  analysis  of  unit  cost  of  product,  shown 
in  Fig.  1405  (a  reproduction  of  Fig.  629). 

Suppose  that  Doe  based  his  bid  price,  for  the  work  under 
contract,  on  a  cost  per  cubic  yard  of  concrete  (''unit  cost  of 
product"  in  Fig.  1405)  calculated  from  the  ultimate  elements  (Fig. 
1405)  evaluated  from  previous  experience.  It  follows  that  Doe 
can  learn  whether  he  is  making  money  or  losing  money  on  a  par- 
ticular element — for  example  the  quantity  of  cement  per  cubic  yard 
of  concrete  (''units  of  material  B  per  unit  of  product,"  say,  in 
Fig.  1405);  or  the  man-hours  required  to  mix  and  place  1  cu.  yd. 
of  concrete  (''man-hours  per  unit  of  product"  for  "operation  2," 
say,  in  Fig.  1405) ;  or  the  price  of  cement  or  wage  rate  for  any 
operation — by  comparing  the  actual  quantity  of  that  element 
going  into  each  cubic  yard  of  concrete  with  the  estimated 
quantity  used  for  that  element  in  calculating  the  cost  per 
cubic  yard. 


( 
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For  example,  if  Doe  figured  on  paying  $3.40  per  bbl.  for  cement  and 
finds  he  must  pay  $3.42,  the  effect  per  barrel  on  profit  on  a  cubic  yard 
of  concrete  is  to  depress  it  by  just  $0.02. 

If  he  figured  that  it  would  require  1.60  bbl.  of  cement  per  cubic  yard 
of  concrete,  and  finds  that  on  the  work  it  runs  1.58  bbl.  per  cubic  yard, 


Unit  cost 

of 
product 


Units  of  material  A 

(per  unit  of  product) 

(X) 

Cost  of  material  A 

Unit  price  of 

(per  unit  of  product) 

material  A 

Unit  cost  of 

(+) 

Cost  of 

material  A 

Other  costs 

materials 

per  unit  of 

(per  unit  of 

material  A 

product) 

(+) 

Cost  of  material    B  f  (Same  subdivisions  as  for  A, 
(per  unit  of  product)  [     above) 

(+) 

(+) 

Man-hours  (per  unit  of 

Cost  of  operation  1 

product) 

(per  unit  of  product) 

(X) 
Wage  rate 

Cost  of 

(+) 

labor 

Man-hours  (per  unit  of 

(per  unit  of 

Cost  of  operation  2 

product) 

product) 

(per  unit  of  product) 
(+) 

(X) 
Wage  rate 

(+) 

Assembling,   setting   up,   dismantling,    dispersing 

Cost  of 

(per  unit  of  product) 

plant 

(+) 

(per  unit  of 

Depreciation  (per  unit  of  product) 

product) 

(+) 

Supplies  (per  unit  of  j 

sroduct) 

(+) 

General  expense  (per  unit  of  product) 

Fig.  1405. — An  analysis  of  unit  cost  of  product. 

the  effect  of  this  element  is  to  raise  the  profit  per  cubic  yard  by  the  cost 
of  0.02  bbl.  of  cement. 

If  he  figured  that  it  would  require  3  man-hr.  to  mix  and  place  a 
cubic  yard  of  concrete  and  he  finds  on  the  job  that  it  is  taking  2.7  man- 
hr.,  the  effect  of  this  element  on  the  profit  per  cubic  yard  is  to  raise 
it  by  0.3  multiplied  by  the  wage  rate. 
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1406.  Admitting  that  Doe  can  determine  whether  he  is  making 
or  losing  on  any  element  during  the  progress  of  the  work  by  com- 
paring, periodically  and  element  by  element,  the  actual  magnitude 
of  each  with  the  anticipated  or  scheduled  magnitude  on  which  his 
contract  price  was  based;  it  still  remains  for  him  to  determine  the 
actual  magnitude  of  each  element. 

How  is  he  to  ascertain,  for  example,  how  many  bags  of  cement  are 
going  into  a  cubic  yard  of  concrete,  on  the  average,  during  a  particular 
day?  And  how  is  he  to  find  the  number  of  man-hours  of  labor  going,  on 
the  average,  during  a  particular  day,  into  mixing  and  placing  1  cu.  yd.? 

1407.  Obviously  the  quantity  of  cement  which  goes  into  a 
cubic  yard  of  concrete,  on  the  average,  during  a  particular  day's 
work  is  to  be  learned  by  (1)  actually  tallying  or  counting  the 
bags  of  cement  used  during  the  day,  (2)  measuring  the  linear 
dimensions,  and  from  them  calculating  the  cubic  yards,  of  con- 
crete completed  during  the  day,  and  (3)  dividing  the  number  of 
bags  by  the  number  of  cubic  yards. 

It  is  plain  too  that  the  number  of  man-hours  going  into  the 
mixing  and  placing  of  concrete,  on  the  average,  during  a  particular 
day's  work  may  be  ascertained  in  a  similar  manner:  by  (1) 
noting  the  number  of  men  engaged  in  mixing  and  placing  concrete 
on  that  day,  keeping  count  of  the  hours  of  the  day  spent  in 
mixing  and  placing,  and  taking  their  product,  which  is  the  total 
man-hours  put  into  the  day's  output  of  concrete;  and  (2)  dividing 
the  day's  output  (the  number  of  cubic  yards,  ascertained  as  above 
described)  of  concrete  into  the  total  of  man-hours. 

1408.  We  saw  in  §1402  that  keeping  an  account  with  each 
contract  is  a  convenient  way  of  finding  the  loss  or  gain  from  the 
completed  contract.  We  are  now  in  position  to  appreciate  the 
fact  that  keeping  a  subsidiary  account  with  each  of  the  divisions 
or  subdivisions  of  total  cost  of  contract  may  be  a  convenient  means 
of  keeping  the  run  of  the  elementary  costs  as  they  arise. 

For  example.  Doe  might  find  it  convenient  to  set  up  an  account  for 
lumber,  another  for  sand,  another  for  mixing  and  placing,  and  so  on. 

1409.  Keeping  a  systematic  record  of  tally  and  count  of  the 
elements  of  cost,  such  as  quantities  of  materials  and  labor  which 
go  day  by  day  into  product,  in  such  a  manner  as  to  enable  one 
readily  to  determine  the  average  quantity  of  each  element  enter- 
ing into  each  unit  of  product  during  a  unit  of  time — as  a  day  or  a 
week — is  called  cost  finding  or  cost  keeping. 
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1410.  The  method  or  system  of  keeping  costs  for  any  construc- 
tion job  or  production  plant,  to  be  satisfactory,  must  be  devised 
to  meet  the  needs  of  the  particular  case;  and  as  the  needs  vary 
from  one  field  of  enterprise  to  another,  and  even  from  enterprise 
to  enterprise  in  the  same  general  field,  it  will  rarely  happen  that 
a  system  of  cost  keeping  which  works  well  with  one  enterprise 
will  fit  as  well  the  needs  of  another. 

But  whatever  the  form  of  organization  and  of  product,  there  is 
one  fundamental  controlling  principle  :  The  "  cost  elements"  which 
are  sought  to  be  disclosed  by  any  system  of  cost  keeping, 
must  be  costs  of  processes,  sequences  of  processes,  transactions, 
etc.,  that  will  be  repeated  in  many  successive  jobs  under 
substantially  similar  conditions.  These  "  unit  processes ''  may  be 
mechanically  simple  or  complex,  but  they  must  be  statistically 
simple;  they  must  often  recur  or  they  are  useless  as  cost  bases. 
Therefore  a  good  cost-keeping  system  must  be  founded  upon  an 
analysis  which  is  a  resolution  of  the  operations  of  an  industry  into 
their  elementary  processes  so  far  as  (1)  it  is  possible  to  find  repeti- 
tions, and  (2)  it  will  pay  to  obtain  the  cost  data. 

The  first  requisite  for  devising  a  cost  system  for  an  enterprise 
is  such  familiarity  with  the  organization  of  the  enterprise  and  its 
method  of  operation  as  will  enable  the  deviser  to  make  an  analysis 
that  will  disclose  the  cost  data,  direct  and  indirect,  that  are  need- 
ful to  the  management.  A  study  of  systems  working  satis- 
factorily in  similar  enterprises  ought  to  supply  suggestions  as  to 
working  out  details,  but  cannot  take  the  place  of  the  first  requisite 
named  above. 

It  goes  without  saying  that  a  cost  system  cannot  be  satisfac- 
tory if  the  cost  of  operating  it  is  equal  to  or  greater  than  the  value 
of  the  benefits  that  are  derived  from  it,  or  if  its  operation  unduly 
impedes  construction  or  production.  To  minimize  its  operating 
cost,  the  system  should  be  so  devised  as  to  require  a  minimum  of 
transcribing  of  original  records — payrolls,  bills  of  material, 
etc. — and  to  permit  the  making  of  original  records  by  persons 
having  the  fullest  knowledge  of  the  facts  to  be  recorded. 

1411.  If  aU  employees  were  sufficiently  intelligent,  educated, 
and  reliable,  the  ideal  way  of  obtaining  labor  records,  for  exam- 
ple, would  be  to  have  each  of  them  fill  out  and  turn  in,  each  day,  a 
blank  form  containing  spaces  for  all  pertinent  primary  facts,  and 
also  spaces  for  desired  derived  quantities.  Figure  1411a  shows 
how  such  a  card  might  look  when  turned  in. 


154 


ENGINEERING  ECONOMICS 


It  might  be  cheaper  and  offer  smaller  risk  of  error,  to  have  all 
calculated  quantities  (columns  (/)  —  {i))  filled  out  by  the  office 
rather  than  by  the  workman.  The  daily  collection  of  workmen's 
cards  for  a  day  would  be  sorted  into  bunches  by  job  number; 


Job  or  Order  No. — 182                  Feature  No. — 18                 Workman's  No. — 23 

Name— J.  O.   Smith 
Workman's  Daily  Report           Date — June  25,  1920           Occupation — Carpenter 

Detail  of 

feature 

(a) 

Nature  of 

effort 

ib) 

Units  of 

achievement 

(0 

Hours 

worked 

(d) 

Pay  per 
hour 

(e) 

Total 
pay 

(/) 

Foundation 

Erecting  forms 

0.200  MBF 

3 

1.00 

3.00 

Temporary  office 

Laying  floor 

0.220  MBF 

5 

1.00 

5.00 

Rate  of  labor 

output  (units 

of  achievement 

per  hour) 

(») 

Man-hours  per  unit 
of  achievement 

(A) 

Unit  cost  of 
achievement 

Conditions 
affecting  cost 

0-) 

0.0G7  MBF 

15  hr./M 

$15/M 

Delayed  20  m.  by 
surveyors 

0.044  MBF 

22.8  hr./M 

$22.80/M 

Fig.  1411a. — Daily  report  card  (for  ideal  conditions). 


then  each  bunch  would  be  sorted  into  piles  by  feature 
number;  next,  each  pile  would  be  sorted  into  groups  by  detail  of 
feature;  and  finally  each  group  would  be  sorted  into  batches  by 
nature  of  effort.  Then  the  totals  in  each  batch — total  units  of 
achievement,  total  hours,  total  pay — would  be  found  and  entered 
on  a  labor-summary  form,  something  like  Fig.  1411b. 
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Thus  would  columns  (k),  (1),  (m),  and  (n)  be  filled  without  cost 
for  transcription.  Then  the  averages  for  columns  (o),  (p),  and 
(q)  would  be  calculated  and  entered. 

At  the  week  end,  the  workmen's  cards  would  be  sorted  by 
workman's  name  or  number  into  bundles,  and  the  total  hours 


Job  or  Order  No. — 
Feature  No. — 18 
Detail  of  Feature 

182 

Labor  Sum 
For  Week 

MARY  Day  by  Day 

Nature  of  Effort — Erecting  forms 

Date 

Total 
units  of 
achieve- 
ment 

Total 
hours 

(m) 

Total 
pay 

in) 

Average 
rate  of 
labor 
output 

(0) 

Average 

man-hours 

per  unit  of 

achievement 

(P) 

Average 
unit  cost  of 
achievement 

(3) 

Remarks 

1920 
Jan.  25 

1.7  MBF 

23 

$23.00 

0.074  MBF 

13.5  hr./M 

$13.50/M 

Totals  and 
averages 

Fio.   1411b. — Weekly  labor  summary  form. 


and  pay  for  each  bundle  would  be  a  particular  workman's  time 
and  pay  for  the  week. 

Finally,  totals  and  averages  for  each  kind  of  effort,  each  detail 
of  feature,  each  feature  number,  and  for  each  job  number, 
would  be  found  and  entered  on  appropriate  summary  sheets,  by 
the  day,  by  the  week,  by  the  month,  and  for  completed  work,  by 
taking  totals  from  workman's  cards  or  from  summary   sheets. 

1412.  The  scheme  of  keeping  the  cost  of  labor,  sketched  above, 
would  give  all  requisite  data  for  estimating  direct  labor  cost 
of  future  work,  and  at  the  same  time  enable  the  management  to 
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know  from  day  to  day,  and  from  week  to  week,  the  direct  labor 
cost  of  each  detail  of  feature,  of  each  feature,  and  of  each  job; 


General  accounts 


Construction — C 


Maintenance — M 


Reconstruction — R 


Plant  &  Equipment — P 


Administration —  A 


Primary 
accounts 


Right  of  Way 
00-09 


Grade  & 

Roadside 

10-19 


Roadway 
20-29 


Ditches  &  Drains 
30-39 


Bridges  & 

Culverts 

40-49 


Class  code 


09  Miscellaneous 


27  Top  Course 


40  Foundations 

41  Abutments 


45  Pipe  Culverts 


Buildings 
70-70. 9 


Camp  equipment 
75-75.9 


Executive 
80-89 


Maintenance 
of  office 
90-91.9 


Legal 
92-93.9 


Operation  code 


—00 
—01 
—02 
—03 


—07 
—08 


—18 


—54 


-65 


—67 


—69 

—70 
—71 
—72 


Assembling 
Backfilling 
Blacksmithing 
Blasting 


Clearing 

Clearing   and  grub- 
bing 


Excavating  earth 


Repairing 


Tamping 
Trimming 
Washing 

Washing  and  screen- 
ing 
Wasting  Materials 
Water-proofing 
Working  on  joints 
Wrecking 


Fig.  1413. — Classification  of  items  for  assignment  to  accounts. 


and  furthermore  it  would  give  the  management  the  relative 

efficiencies  of  the  several  workmen  and  of  the  several  machines. 

The  foregoing  scheme  for  collecting  cost  data  assumes  certain 

favorable  conditions,  which  are  not  likely  to  be  all  present  in 
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any  actual  enterprise.  The  student  will  naturally  infer,  there- 
fore, that  cost  finding  schemes  in  actual  operation  differ  more  or 
less  from  that  sketched  above,  and  that  the  differences  in  each 
case  result  from  the  practical  conditions  of  the  case;  and  he  will 
find  the  facts  in  accord  with  his  inference. 

1413.  It  will  be  seen  in  the  illustrations  above  that  the  job  and 
the  feature  of  the  job  are  each  given  by  number.  It  is  the 
common  practice  to  use  numbers  and  letters,  alone  or  in  combina- 
tion, to  designate  jobs,  features,  and  other  subdivisions  of  the 
work;  and  this  is  done  merely  for  convenience  of  all  concerned. 
To  sort  cards,  for  instance,  by  numbers  or  letters  is  far  easier 
than  by  names  or  written  descriptions;  and  to  sort  by  colors 
is  easier  still. 

To  illustrate  the  saving  of  space  in  forms  that  can  be  effected 
through  the  use  of  designating  letters  and  numbers,  the  samples 
(Fig.  1413)  of  a  scheme  recommended  for  highway  cost  keeping, 
by  Tobin  and  Losh,^  will  serve. 

The  manner  of  using  the  symbols  is  shown  in  the  following 
examples:  C-45-18  means ''construction — pipe  culvert — excavat- 
ing earth,"  that  is,  excavating  earth  to  make  bed  for  placing 
pipe  culvert  on  construction.  C-09-08  indicates  clearing  and 
grubbing  right-of-way  on  construction.  The  item,  assembling 
camp  equipment,  would  be  designated  by  P-75-00;  and  repairing 
top  course  of  pavement  on  maintenance,  by  M-27-54.  It  will 
be  observed  that  the  second  number  in  a  triple  symbol  stands  for 
a  particular  operation,  the  first  number  stands  for  the  part  oper- 
ated on,  and  the  letter  indicates  that  general  account — Construc- 
tion, or  Maintenance,  etc. — to  which  the  work  belongs. 

1414.  The  foregoing  pertains  to  labor  cost  records.  Any 
system  of  cost  keeping  must  provide  also  for  recording  the 
receipt  and  disbursement  of  materials  in  such  detail  that  the  costs 
of  the  materials  entering  into  each  unit  of  output  can  be  readily 
found. 

1415.  Cost-keeping  records  should  be  so  planned  as  to  inter- 
lock at  appropriate  points  with  the*  accounting  records,  in  order 
that  there  may  be  an  independent  check  on  the  cost  keeping. 

1  Bulletin  No.  660,  U.  S.  Dept.  of  Agriculture,  Sept.  12,vl918:  Highway 
Cost  Keeping,  by  James  J.  Tobin  and  A.  R.  Losh,  U.  S.  Engineer  Economists, 
Reviewed  by  Halbert  P.  Gillette,  Consulting  Cost  Engineer.  The  Supt.  of 
Documents,  Government  Printing  Office,  Washington,  D.  C.  (10  cents  a 
copy.) 
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COMPARISONS 

1416.  The  nature  and  need  of  financial  statements  and  of 
cost  keeping  have  now  been  indicated.  It  remains  to  present  a 
number  of  important  comparisons  which  can  be  made  by  means  of 
financial  statements  and  cost-keeping  records.  Let  us  begin  with 
the  balance  sheet. 

1417.  It  has  been  previously  stated  that,  provided  there  have 
been  no  intervening  contributions  or  withdrawals  of  invested 
capital  or  distribution  of  profits,  the  net  income  resulting  from  a 
year's  business  can  be  obtained  by  subtracting  the  net  assets 
that  appear  on  the  balance  sheet  of  the  beginning  of  the  year 
from  the  net  assets  appearing  on  the  balance  sheet  of  the  end  of 
the  year.  In  other  words,  with  the  foregoing  proviso,  a  com- 
parison of  the  net  assets  of  the  two  balance  sheets  gives  the  net 
income. 

Now  confining  the  attention  to  a  single  balance  sheet,  let  us 
first  consider  Current  Liabilities  appearing  thereon.  The  total 
of  this  item  by  itself  tells  us  almost  nothing  as  to  the  financial 
status  of  the  enterprise.  It  may  be  small  when  the  status  is 
unpromising  or  it  may  be  large  when  the  status  is  promising. 
The  size  of  Current  Liabilities  begins  to  take  on  significance  only 
when  we  come  to  regard  it  in  connection  with  Assets.  And  as 
Fixed  Assets  can  not  be  disposed  of  to  advantage  to  meet  Current 
Liabilities,  we  are  brought  to  the  necessity  of  comparing  Current 
Liabilities  with  Current  Assets.  So,  although  Current  Liabilities 
by  itself  means  nothing  and  Current  Assets  by  itself  means  noth- 
ing, the  ratio  between  Current  Assets  and  Current  Liabilities 
is  an  index  of  the  financial  status. 

Bankers  and  the  credit  men  of  wholesale  houses  through  continual 
practice  in  interpreting  balance  sheets  of  those  who  seek  credit  of  them, 
and  checking  each  interpretation  by  following  the  course  of  the  corre- 
sponding business  unit,  come  to  set  up  standard  ratios.  For  example, 
they  may  consider  13^  to  1  a  satisfactory  ratio  of  Current  Assets  to 
Current  Liabilities  for  one  kind  of  enterprise,  2  to  1  a  satisfactory  ratio 
for  another  kind,  and  so  on. 

1418.  What  has  been  said  above  in  regard  to  Current  Assets 
and  Current  Liabilities  holds  in  a  general  way  also  for  Fixed 
Assets  and  Fixed  Liabilities. 

These  ratios  may  be  taken  as  typical  of  a  number  of  ratios 
that  experience  has  shown  to  be  more  or  less  sensitively  indicative 
of  financial  status. 
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1419.  Similarly  with  the  income  sheet.  The  ratios  existing 
between  the  items  of  a  single  income  sheet  are  of  significance  to 
the  experienced. 

Among  these  ratios,  that  known  as  the  operating  ratio  is 
perhaps  as  commonly  observed  and  discussed  as  any  other. 

The  operating  ratio  pertaining  to  the  diagram  Fig.  1322  of  analysis 
of  net  income  would  be  the  ratio  between  ''receipts  from  contracts'' 
and  ''direct  cost  of  contracts;"  or  perhaps  some  modification  of  that 
ratio  resulting  from  the  inclusion  of  a  portion  of  "general  expenses" 
with  "direct  cost  of  contracts." 

The  operating  ratio  most  popularly  discussed  relates  more  particularly 
to  railways,  where  it  means  the  ratio  between  railway  operating  expense 
and  railway  operating  income.  The  operating  ratio  varies  from  below 
50  to  more  than  100%.  While  operating  ratio  is  significant,  it 
cannot  be  well  evaluated  when  considered  apart  from  other  data:  For 
instance,  the  operating  ratio  of  a  pick-and-shovel  gang  may  be  expected 
to  be  high  compared  with  that  of  a  steam-shovel  plant;  and  the  operating 
ratio  of  a  hydro-electric  plant,  lower  than  the  operating  ratio  of  a  steam 
plant. 

1420.  Another  ratio  of  prime  importance  is  that  between  "fixed 
charges"  (comprising  taxes,  interest  on  borrowed  funds,  insur- 
ance, and  other  items  which  remain  constant,  or  nearly  constant, 
regardless  of  fluctuations  in  amount  of  business  done)  and  ''oper- 
ating income"  (which  is  revenue  from  operation  less  direct  cost  of 
operation).  This  ratio  is  of  particular  interest  to  prospective 
and  actual  creditors  as  well  as  to  the  owners  of  the  business. 

1421.  If  the  regular  conduct  of  a  business  involves  the 
purchase  and  later  disposal  of  goods — as  is  the  case  with  the 
merchant — the  question  of  interest  on  tied-up  capital  is  of 
importance,  giving  rise  to  the  use  of  a  ratio  called  the  "rate 
of  turnover." 

The  ratio  of  cost  of  goods  sold  during  the  year  to  the  cost  of  goods 
usually  kept  in  stock  is  commonly  called  the  rate  of  turnover. 

The  significance  of  rate  of  turnover  may  be  brought  out  by  the  follow- 
ing simple  example:  A  merchant  sold  each  year  for  two  years,  goods  that 
cost  him  $20,000.  During  the  first  year  he  laid  in  the  entire  year's 
stock  at  the  first  of  the  year,  but  at  the  beginning  of  the  second  year  he 
laid  in  only  one-half  year's  stock,  replenishing  with  another  half-year's 
stock  at  mid-year.  During  the  first  year  his  rate  of  turnover  was  one, 
during  the  second,  two.  The  first  year  required  a  capital  of  $20,000; 
the  second  a  capital  only  half  as  large — $10,000.     The  rate  of  return  on 
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investment  was  therefore  twice  as  great  during  the  second  year  as 
during  the  first.  That  is,  the  rates  of  return  on  capital  were  in  propor- 
tion to  the  rates  of  turnover. 

The  same  question  arises  of  course  in  manufacturing.  Carry- 
ing an  unnecessarily  large  stock  of  raw  materials,  or  needlessly 
protracting  the  process  of  manufacture,  or  unduly  piling  up 
finished  product  ahead  of  sales,  brings  its  penalty  in  the  form 
of  superfluous  interest  charges. 

1422.  Besides  the  guidance  furnished  by  ratios  between  items 
of  the  same  sheet,  there  is  that  supplied  by  the  ratios  between 
items  of  the  same  name  on  successive  sheets ;  and  a  valuable  index 
of  promise  of  an  enterprise  may  be  found  even  in  the  ratio  between 
ratios,  as  for  example  the  ratio  between  last  year's  operating  ratio 
and  the  preceding  year's  operating  ratio. 

1423.  Turning  now  from  comparison  of  items  which  pertain 
to  the  balance  sheet  and  the  income  sheet,  we  may  next  direct 
our  attention  to  comparisons  by  which  the  manager  of  operation 
judges  of  operating  status,  progress,  and  results.  The  nature 
and  usefulness  of  such  comparisons  may  be  best  shown  by  means 
of  a  few  typical  examples. 

1424.  Mr.  Doe,  the  contractor  for  concrete  work,  knows  from 
his  cost-keeping  records  the  average  cost  of  mixing-and-placing 
a  cubic  yard  of  concrete  during  a  certain  week.  This  figure  taken 
by  itself  means  little.  Comparison  of  this  figure  with  the  corre- 
sponding estimated  figure,  on  which  he  based  his  contract  price, 
tells  him,  as  previously  pointed  out,  whether  he  is  making  or 
losing  on  that  particular  element  during  that  particular  week. 
But  this  is  not  the  only  useful  comparison:  another  comparison 
of  great  value  is  that  between  this  week's  average  cost  and 
past  averages:  if  this  week's  cost  is  higher  than  last  week's 
and  particularly  if  considerably  higher.  Doe  is  impelled  to  find 
the  cause  of  the  increase,  and,  if  conditions  permit,  to  eliminate 
that  cause. 

1425.  In  the  course  of  experience  Doe  learns  the  number  of 
man-hours  required  to  mix-and-place  a  cubic  yard  of  concrete 
under  conditions  all  favorable,  and  instinctively  uses  this  as  a 
standard  with  which  to  measure  the  eflftciency  of  the  concrete 
workers  from  week  to  week,  or  perhaps  from  day  to  day.  If  the 
results  for  a  given  period  are  not  up  to  standard.  Doe  knows  that 
the  conditions  are  not  all  favorable,  and  can  at  once  discover  and 
ameliorate  the  unfavorable  conditions. 
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1426.  Another  comparison  which  is  of  value  to  Doe  is  that 
between  the  daily  or  weekly  output  of  foreman  X's  gang  and  the 
corresponding  output  of  foreman  Y's  gang. 

1427.  In  this  brief  discussion  of  comparisons  we  have  employed 
a  few  units  of  comparison,  for  instance,  the  man-hour,  the  unit 
cost,  and  so  on.  Some  units  of  comparison  are  peculiar  to  one 
kind  of  enterprise,  some  to  another,  and  some  are  of  general 
utility;  and  all  together  they  are  very  numerous. 

The  most  common  units  of  comparison  used  in  railroad  operation  are : 
the  train-mile,  the  locomotive-mile;  the  train-mile  per  mile  of  road,  and 
so  on.     And  some  of  these  are  specialized  in  two  or  more  ways;  for 
example:  freight   locomotive   miles,   freight   helper  locomotive   miles, 
and  so  on  to  include  more  than  a  dozen  other  kinds  of  locomotive  miles. 
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CHAPTER  XV 
MISCELLANEOUS  FORECASTS 

OUTPUT,  LIFE,  AND  PERIOD  OF  SERVICE 

1501.  The  average  daily,  monthly,  or  yearly  output  of  a 
machine,  like  that  of  a  laborer  (§807),  depends  on  many  variable 
conditions.  A  pumping  engine  in  connection  with  a  stand  pipe 
or  reservoir  may  be  run  almost  continuously  under  nearly  uniform 
conditions,  provided  the  demand  for  water  be  sufficient.  Such 
an  engine  has  the  advantage  of  a  steady  job,  and  its  maximum 
and  minimum  average  rates  of  output  are  not  far  apart.  Typical 
of  structures  which  operate  under  the  other  extreme  of  conditions 
is  the  plant  of  the  grading  contractor.  The  potential  capacity 
of,  say,  a  steam-shovel  can  be  computed  from  the  dimensions 
of  the  dipper,  time  of  round  trip  of  dipper,  time  required  to  move 
up,  and  area  of  breast  of  cut.  But  the  shovel  can  work  only 
when  there  are  empty  cars  within  its  reach;  and  many  circum- 
stances interfere  with  keeping  the  shovel  continuously  supplied 
with  these.  Besides  the  interruptions  to  actual  operation,  due 
to  more  or  less  frequent  lack  of  cars,  there  are  the  interruptions 
caused  by  the  necessity  of  backing  up,  and  of  moving  from  cut  to 
cut;  and,  finally,  the  intervals,  some  long,  some  short,  between 
jobs.  There  is  a  wide  range  between  the  output  under  the 
most  favorable  conditions  which  can  be  reasonably  hoped  for 
and  that  under  the  most  unfavorable  conditions  which  reasonably 
ought  to  be  prepared  for. 

So  in  making  an  estimate  of  the  future  average  rate  of  output 
of  a  structure,  we  must  consider  not  only  the  conditions  which 
may  have  an  influence  on  the  rate  of  output  while  the  structure 
is  actually  working,  but  also  the  conditions  which  determine 
the  proportion  of  working  time  to  the  time  of  enforced  idleness. 

1502.  The  life  of  a  structure  may  be  terminated  before  the 
structure  is  worn  out:  it  may  be  brought  to  an  end  (1)  by  some 
change  in  the  requirements  of  the  service  (as  where  a  steel  bridge 
is  replaced,  long  before  it  is  worn  out,  by  a  heavier  bridge  because 
of  the  increased  weight  of  trains) ;  (2)  by  discoveries  or  inventions, 
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which  make  it  economically  necessary  to  replace  the  structure 
before  it  is  worn  out  (as  where  the  motor  truck  replaces  the  horse 
truck) ;  (3)  by  a  change  in  the  fashions,  habits,  or  customs  of  the 
people  (resulting  in  the  cessation  of  a  certain  demand);  (4)  by 
governmental  declaration  (as  when  a  railroad  is  required  by  a 
regulatory  commission  to  substitute  steel  cars  for  wooden  cars)  ; 
or  (5)  by  accident. 

If  we  call  the  life  which  is  terminated  by  ordinary  wear  and 
tear,  the  normal  life,  then  we  may  say  that  often  the  actual  life 
is  much  less  than  the  normal  life:  that  circumstances  often  pre- 
vent a  structure's  continuing  in  service  till  worn  out.  These 
facts  must  be  neither  overlooked  nor  ignored  by  the  engineer 
when  estimating  the  actual  life  of  a  structure. 

The  engineer  can  usually  predict  with  confidence  some  of  the 
general  conditions  under  which  the  proposed  structure  will  be 
operated.  Studying  past  experience  with  similar  structures 
operating  under  similar  conditions,  he  will  be  able  to  fix  upon  the 
high  and  low  limits  of  life  between  which  the  life  of  the  proposed 
structure  may  be  reasonably  expected  to  fall.  Judgment  must 
tell  him  just  what  length  of  life,  between  these  limits,  to  choose. 

The  judgments  of  a  number  of  engineers  on  longevity  of  plant 
parts  will  be  found  in  Table  K  (consult  Index). 

1503.  The  period  of  service  is  one  of  the  data  necessary  for 
the  solution  of  the  problem  of  economic  selection.  In  some  cases 
the  period  of  service  proposed  may  be  definitely  fixed;  in  others 
it  is  uncertain.  When  the  period  of  service  is  not  otherwise 
determined  it  must  be  either  estimated  or  assumed.  Of  course 
the  same  period  of  service  must  be  used  for  all  the  structures 
which  are  under  comparison  at  one  time  for  one  service.  The 
following  points  deserve  consideration. 

The  service  required  may  increase  with  time.  The  railroad 
bridge  of  30  yr.  ago  was  designed  foj-  loads  somewhat  in  excess 
of  those  then  carried.  Train  weights  were  increased  from  time 
to  time,  with  the  result  that  before  the  bridge  was  worn  out  it 
became  too  light  for  the  changed  requirement  of  the  service. 
It  will  be  accepted  without  computation  that  it  is  unwise  to  build 
a  structure  today  just  adequate  to  today's  demand,  if  tomorrow's 
demand  will  be  greater.  On  the  other  hand,  a  glance  at  a  com- 
pound interest  table  (Table  A)  will  show  that  it  is  not  wise  to* 
build  today  for  that  increment  of  service  which  will  not  be  in 
demand  before,  say,  50  yr.  hence.     If,  then,  the  requirements 
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of  service  may  be  expected  to  increase  with  time,  the  period  of 
service  which  is  adopted  as  a  basis  of  economic  comparison  of 
structures  must  be  a  compromise. 

If  the  demand  for  a  service  continue  beyond  the  hfe  of  the 
selected  structure,  at  the  end  of  that  hfe  the  problem  of  economic 
selection  of  structure  will  again  arise.  For  example,  suppose 
a  wooden  highway  bridge  is  wisely  selected  for  a  stated  service, 
and  built  and  operated.  At  the  end  of  the  life  of  this  bridge 
the  question  as  to  whether  the  wooden  bridge  shall  be  renewed, 
or  replaced  by  one  of  different  weight  or  material,  will  call  for 
answer.  If  at  that  time  all  the  conditions  and  the  data  be  the 
same  as  at  present,  the  answer  will  be  ready  to  hand,  the  wooden 
bridge  should  be  renewed ;  but  if  some  of  the  conditions  or  data 
at  that  time  be  different,  the  problem  of  economic  selection  must 
be  solved  anew. 

INTEREST  RATE 

1504.  Suppose  that  in  a  community  all  loanable  funds  have 
been  loaned  at  a  certain  rate.  Now  if  more  loanable  funds  come 
into  the  community  there  will  be  competition  among  the  lenders 
when  some  of  the  loans  require  renewal,  and  the  effect  will  be 
some  reduction  in  the  interest  rate.  On  the  other  hand,  if  the 
quantity  of  loanable  funds  remains  constant  while  there  arises 
the  need  of  additional  loans,  there  will  be  competition  among 
the  borrowers  and  the  interest  rate  will  be  forced  up.  In 
short,  the  relation  between  supply  and  demand  in  loanable  funds 
affects  the  interest  rate. 

The  interest  rate  on  any  loan  is  fixed  in  part,  also,  by  the 
risk  which  the  lender  runs  of  not  getting  back  his  principal  entire. 

In  1914  when  men  were  willing  to  lend  their  money  to  the  U.  S. 
Government  at  2  %,  they  were  unwilling  to  lend  to  a  city  or  well  managed 
and  prosperous  railroad  at  less  than  4  or  5%,  or  to  a  solvent  firm  or 
individual  at  less  than  6  or  8%;  and  like  relations  exist  between  the 
corresponding  higher  rates  of  today.  The  rate  is  thus  seen  to  be,  in  a 
way,  proportionate  to  the  degree  of  risk  as  judged  by  the  lenders. 
During  panics  the  actual  risk  of  lenders  is  greater  than  usual  because  of 
the  great  number  of  business  failures,  and  the  fancied  risk,  which  is  the 
effective  risk  as  far  as  rate  is  concerned,  is  still  greater;  and  it  is  only 
when  those,  who  in  a  pinch  must  borrovv  or  fail,  offer  higher  and  higher 
rates,  that  one  fearful  lender  after  another  is  tempted  to  accept  the  risk 
which  has  repelled  him.     In  a  financial  panic  the  rate  is  raised  because 
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of  the  abnormal  risks  run  by  the  lenders,  and  then  it  is  boosted  by 
those  of  the  lenders  who  are  willing  to  take  all  advantage  of  the  desperate 
need  of  the  borrower. 

One  effect  of  risk  is  that  the  greater  the  amount  borrowed, 
relative  to  the  value  of  the  security  which  the  borrower  can  offer, 
the  higher  will  be  the  rate  required  of  him.  From  this  it  follows 
that  the  rate  may  be  higher  on  the  amount  of  capital  necessary 
for  permanent  construction  than  on  the  smaller  amount  required 
for  less  durable  construction,  particularly  when  the  proposed 
construction  will  be  a  considerable  part  of  the  total  assets  of  the 
borrower.  For  example,  if  a  man  about  to  set  up  a  small  manu- 
facturing business  seeks  capital  to  erect  a  building  for  the  purpose, 
and  part  of  the  security  which  he  has  to  offer  lies  in  his  anticipated 
profits;  he  is  likely  to  obtain  the  needed  capital  at  a  lower  rate 
for  a  cheap  structure  than  for  an  expensive  structure.  And  from 
this  it  also  follows  that  capital  for  the  extension  or  improvement  of 
a  structure,  which  has  been  successfully  operating  for  some  time, 
can  be  obtained  at  a  lower  rate  than  that  charged  for  capital  to 
build  a  structure  for  a  new  enterprise.  Thus  at  the  time  one 
railroad  company  is  selling  43^^%  bonds  at  par  for  a  second  track, 
another  company  is  selling  its  5%  bonds  below  par  for  its  first 
track. 

The  point  to  bear  in  mind,  in  solving  problems  in  economic 
selection,  is  that  the  factor  of  interest  on  capital  may  throw 
the  decision  in  favor  of  the  cheap  temporary  structure  as 
against  the  costly  permanent  structure,  in  spite  of  the  fact  that 
the  resultant  of  all  the  other  factors  is  to  the  advantage  of 
the  latter;  and  hence  that  one  type  of  structure  may  be  the 
economic  choice  at  a  time  of  high  interest  rates,  and  another  type 
of  structure  may  be  the  economic  choice  when  interest  rates  are 
low. 

1505.  The  interest  rate  on  sinking  fund  deposits  will  depend 
on  the  disposition  made  of  the  deposits.  The  annual  deposit  may 
be  (1)  placed  in  a  savings  bank  or  other  similar  institution  which 
pays  a  moderate  rate  of  interest;  or  (2)  invested  in  productive 
business,  either  in  the  business  in  hand  or  in  some  other,  and  thus 
probably  but  not  certainly  earn  a  relatively  high  rate  of  interest; 
or  (3)  handed  directly  to  the  party  from  whom  the  capital  has 
been  borrowed,  as  an  advance  payment  on  the  principal,  which 
disposition  is  equivalent  to  placing  the  deposit  in  an  absolutely 
safe  depository  to  draw  compound  interest  at  the  rate  paid  for 
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the  capital  invested  in  first  cost.  In  some  cases  the  disposition 
of  future  deposits  may  be  fixed  by  law  or  agreement.  In  all 
other  cases  it  is  reasonable,  for  the  purpose  of  estimating  the  year- 
ly cost  of  service  of  a  future  structure,  to  make  the  rate  on  de- 
posits the  same  as  the  rate  on  capital  invested  in  first  cost 
of  structure. 

POPULATION 

1506.  Structures  are  planned  to  meet  future  demands  for 
service.  Demand  for  service  is  usually  a  function  of  population 
of  the  territory  served;  and,  other  things  equal,  will  increase  when 
population  increases.  Therefore  the  first  step  in  the  determina- 
tion of  the  demand  for  a  proposed  service,  to  be  expected  in  a 
given  territory  during  the  coming  year  (or  the  second,  the  tenth, 
or  the  twenty-fifth  year  hence),  is  to  estimate  the  population  for 
this  year. 

The  population  of  any  town,  city,  county,  or  state  of  the 
United  States,  for  any  of  the  years  1920,  1910,  1900,  1890,  and 
so  on  back  can  be  found  in  the  Report  of  the  Bureau  of  the  Census 
for  that  year. 

For  the  population  of  any  place,  for  dates  other  than  those 
indicated  above,  resort  must  be  had  to  a  special  census  or  to 
some  method  of  estimation. 

1507.  If  the  living  conditions  remained  constant  over  a 
given  well-populated  area,  and  if  no  one  came  to  dwell  in  the  area 
except  by  birth  and  none  departed  except  by  death,  then  the 
population  would  increase  by  geometric  progression  (as  a  sum  of 
money  increases  under  the  process  of  compound  interest). 

The  population  of  a  city,  however,  cannot  be  expected  to 
grow  by  geometric  progression.  In  the  first  place  a  city  extends 
its  boundaries  from  time  to  time,  and  at  each  extension  takes  in 
a  new  area  with  its  existing  population;  and  in  the  second  place 
the  population  is  being  continually  augmented  by  immigration  as 
well  as  by  birth,  and  decreased  by  emigration  as  well  as  by  death; 
and  finally  living  conditions  (on  which  birth  and  death  rates 
depend)  do  not  remain  constant. 

1508.  The  cruder  methods  of  estimating  population  are  based 
on  the  assumption  that  there  is  a  constant  ratio  between  popula- 
tion and  (1)  the  number  of  votes  cast  at  an  election;  (2)  or  the 
number  of  children  of  school  age;  (3)  or  the  number  of  names  in 
the  directory;  or  (4)  the  number  of  residences. 
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1509.  The  method  preferred  by  the  Bureau  of  the  Census  for 
estimating  the  population  of  a  city  for  any  year  between  two 
consecutive  census  years  is  based  on  the  empirical  rule  that  the 
absolute  yearly  growth  of  population  is  constant. 

For  example  if  the  population  of  a  city  was  28,600  in  1910  and  33,800 
in  1920,  then  the  absolute  average  yearly  growth  during  the  10  yr. 
period  was  (33,800  -  28,600)/10  =  520;  and  the  estimated  population 
for  1924  is  33,800  +  520(1924-1920)  =  33,800  +  2080  =  35,880. 

1510.  A  graphical  method  of  predicting  future  population, 
which  at  once  suggests  itself  to  the  engineer,  is  to  plot  a  curve 
of  past  populations,  using  years  as  abcissas  and  corresponding 
populations  as  ordinates;  and  to  extend  the  curve  into  the  future. 
In  this  way  the  population  for  a  given  future  year  is  read  off  the 
curve  at  its  intersection  with  the  ordinate  of  that  year.  However, 
the  reliability  of  the  estimate  grows  rapidly  less  as  we  advance 
along  the  continued  portion  of  the  curve;  for  as  we  advance,  the 
greater  becomes  the  probability  that  some  unforseen  change  in 
conditions  will  greatly  modify  the  past  variation  in  rate  of  growth. 

1511.  A  second  graphical  method,  which  may  be  called  the 
KuichUng  method,  is  as  follows:  Find  for  each  city  and  each 
decade  the  absolute  increase  in  population  for  the  decade;  divide 
this  absolute  increase  by  10,  obtaining  the  average  yearly  in- 
crease; find  the  per  cent  ratio  of  this  average  yearly  increase 
to  the  population  at  the  beginning  of  the  decade;  and  plot  this 
per  cent  ratio  as  an  ordinate,  using  as  an  abcissa  the  population 
at  the  beginning  of  the  decade.  Finally,  average  the  percentages 
which  correspond  to  the  same  population,  and,  using  the  average 
percentages  for  ordinates  and  corresponding  populations  for 
abcissas,  plot  a  new  curve  which  expresses  the  law  of  growth  of 
such  cities. 

In  1889  it  was  predicted  by  the  use  of  this  law  that  Rochester  would 
have  a  population  of  204,500  in  1900  and  of  283,459  in  1910.  For  the 
former  year  the  Census  gives  the  population  of  that  city  as  162,608 
and  for  the  latter  year  218,149.  Thus  time  proved  the  estimate  for  1900 
to  be  about  25%  too  large  and  the  estimate  for  1910  to  be  about  30% 
too  large.  These  results  are  given  to  show  that  even  the  most  intelli- 
gently and  carefully  prepared  predictions  of  future  population  may  be 
considerably  wide  of  the  mark,  and  this  when  the  prediction  extends  no 
farther  into  the  future  than  10  or  20  yr, 
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1512.  A  third  graphical  method  which  has  several  times 
appeared  in  print  has  much  to  commend  it.  First  the  known 
population  of  the  city  A,  say,  for  which  future  population  is  to  be 
estimated,  is  plotted  on  a  transparent  sheet  of  paper  or  cloth — 
years  as  abcissa  and  population  as  ordinate.  Next  on  a  diagram 
drawn  to  the  same  scale  are  plotted  the  population  curves  of 
several  larger  cities,  B,  C,  D,  .  .  .  all  of  which  have  grown  under 
conditions  more  or  less  similar  to  those  expected  to  obtain  in 
the  future  growth  of  the  city  in  question.  Then  the  transparent 
sheet  containing  the  population  curve  of  city  A  is  so  placed  on  the 
other  diagram  that  the  two  sets  of  axes  coincide.  Next  the  upper 
sheet  is  moved  sidewise  exactly  parallel  to  the  a:-axis  until  the 
latest  point  on  the  curve  for  city  A  lies  precisely  on  the  curve 
for  city  B,  and  thereupon  the  curve  of  city  B  is  traced  on  the 
upper  sheet.  The  upper  sheet  is  again  moved  sidewise  as  before 
until  the  last  point  of  the  curve  of  city  A  falls  precisely  on  the 
curve  of  city  C,  and  thereupon  the  curve  of  city  C  is  traced  on 
the  upper  sheet.  And  so  on,  till  each  of  the  remaining  curves  of 
the  lower  sheet  has  been  reproduced  on  the  upper  sheet.  All 
of  the  curves  on  the  upper  sheet  will  of  course  pass  through  the 
latest  point  of  curve  A;  and  the  prolongation  of  curve  A  into 
the  future  can  now  be  made  with  a  judgment  powerfully  aided  by 
the  various  curves,  B,  C,  D,  .  .  .  which  show  the  actual 
growths  of  cities  B,  C,  D,  .  .  .  both  before  and  after  they 
passed  that  population  which  is  represented  by  the  common  point 
of  all  of  the  curves. 

EARNINGS 

1513.  An  estimate  of  future  earnings  may  be  based  upon  past 
earnings  either  of  the  same  structure  or  of  similar  structures 
operated  under  more  or  less  similar  conditions.  For  example,  to 
estimate  the  earnings  of  a  proposed  street  railway  in  a  given 
town  not  yet  provided  with  a  street  railway,  we  should  obtain 
and  study  the  statistics  of  earnings  of  street  railways  already 
operating  in  towns  more  or  less  similar  in  size  and  character  to 
the  given  town,  and  seek  to  find  some  law  directly  usable  for 
our  estimate;  as,  for  instance,  the  ratio  of  earnings  to  population. 
By  plotting  a  curve  of  population  and  a  curve  of  earnings  for  the 
same  town,  we  have  presented  to  the  eye  the  general  relation 
between  population  and  earnings,  for  the  conditions  there  ob- 
taining.    These  conditions  include  the  character  of  the  popula- 
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tion,  its  distribution  and  occupation;  the  location  of  the  hne 
with  respect  to  the  centers  of  residence  and  business  districts;  and 
so  on.  Plotting  sets  of  curves  for  as  many  typical  towns  as  data 
can  be  obtained  for,  we  are  in  a  position  to  discover  the  ratios 
between  earnings  and  population  for  a  range  of  conditions. 
Applying  such  of  these  ratios  as  appear  to  be  applicable  to  the 
estimated  population  year  by  year  of  the  town  for  which  the 
railway  is  proposed,  we  obtain  the  most  reliable  estimate  possible 
of  the  earnings  year  by  year  of  the  proposed  railway. 

PRICES  AND  WAGE  RATES 

1514.  Future  unit  prices,  as  of  building  materials,  are  often 
fixed  in  advance  by  agreement.  For  example,  it  is  a  common 
practice  of  the  contractor  about  to  bid  on  a  piece  of  work  to 
contract  provisionally  with  dealers  for  the  requisite  materials 
at  specified  unit  prices. 

When  future  unit  prices  have  not  been  thus  fixed  by  agreement 
the  estimate  of  cost  of  a  proposed  structure  must  be  based  on  a 
forecast  of  the  unit  prices  that  will  prevail  during  the  construction 
period. 

The  estimator  bases  forecast  of  a  future  unit  price  on  prices 
past  and  present,  on  the  known  variations  therein,  on  his  knowl- 
edge of  the  causes  of  the  variations,  and  on  his  forecast  of  condi- 
tions. If  we  plot  the  curve  of  unit  price  of  labor  for  one  locality 
over  a  long  period  we  find  the  curve  to  be  sinuous.  The  curve 
rises  and  falls,  but  rises  in  the  long  run  more  than  it  falls.  It 
is  said  that  the  price  of  labor  depends  on  the  ratio  of  supply  and 
demand ;  that  when  the  demand  is  strong  and  supply  weak,  price 
is  high;  and  that  when  demand  is  weak  and  supply  strong,  price 
is  low.  This  law  is  helpful  in  estimating  future  prices  only  in 
so  far  as  we  can  foresee  the  future  relation  between  supply  and 
demand.  If  the  curve  of  unit  price  of  labor,  just  mentioned, 
runs  back  over  a  period  sufficiently  long,  we  can  draw  an  averag- 
ing line  by  eye  and  note  its  general  characteristics  and  the 
extreme  variations  of  the  humps  and  sags  from  it.  Then  by  pro- 
jecting this  averaging  line  into  the  future  we  obtain  the  tendency 
of  average  price  in  the  future ;  and  from  the  deviations  of  the  sags 
and  humps  from  the  averaging  line  of  the  past,  we  can  predict  the 
probable  deviations  of  the  future.  The  distance  into  the  future 
to  which  the  price  curve  can  be  safely  run  depends  on  the  length 
of  the  past  price  curve,  its  characteristics,  and  our  knowledge 
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of  the  causes  of  past  fluctuations  and  our  ability  to  foresee  the 
causes  of  future  fluctuations. 

The  unit  price,  present  or  past,  of  any  kind  of  material  which 
is  to  be  used  in  building  a  structure,  may  be  ascertained  in  one 
or  more  of  the  following  ways:  (1)  from  personal  knowledge; 
(2)  from  consultation  with  a  dealer;  (3)  from  consultation  with 
a  purchaser;  (4)  from  catalogs  and  discount  sheets;  and  (5) 
from  price  quotations  appearing  in  the  daily  newspaper  and  in  the 
daily,  weekly,  and  monthly  trade  and  technical  publications. 
(For  a  list  of  publications  which  regularly  give  market  quota- 
tions, see  pp.  274-276.) 

The  greater  part  of  the  foregoing  remarks  on  prices  apply 
also  to  wage  rates. 
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CHAPTER  XVI 

VALUATION 

Fair  Value 
SALVAGE,  SCRAP,  AND  WEARING  VALUES.    DEPRECIATION 

1601.  The  following  diagram  (Fig.  1601)  which  will  be  recog- 
nized as  a  fragment  of  the  diagram  of  Fig.  414,  shows  that  annual 
depreciation  cost  is  a  function  of  first  cost,  salvage  value,  and 
life  of  structure. 

I  First  cost 
Salvage  value      d-  A-^'Ti*,^-^ 
Life  ^ 

Fig.  1601. — Analysis  of  annual  depreciation  cost. 

We  have  devoted  several  chapters  to  analyzing  first  cost,  and 
have  given  consideration  to  the  element,  life.  It  is  the  purpose 
of  the  following  pages  to  give  some  consideration  to  salvage 
value,  or,  as  it  is  more  commonly  called,  second-hand  price. 

1602.  The  salvage  value  of  a  structure  is  the  price  for  which 
it  is  sold  second-hand.  Thus  salvage  value  is  a  fact  and  not  an 
opinion.  However,  in  the  problems  of  this  book,  salvage  value 
is  usually  a  future  fact  (just  as  the  population,  which  a  city  will 
have  any  given  number  of  years  hence,  is  a  future  fact),  and  must 
be  predicted  or  estimated. 

1603.  The  depreciation  in  the  value  of  a  structure  between  two 
dates  is  the  loss  in  value  suffered  by  the  structure  between  the 
dates.  Hence  the  salvage  value  of  a  structure  at  any  date  is 
equal  to  the  first  cost  of  the  structure  less  the  total  depreciation 
suffered  by  the  structure  between  the  date  of  first  cost  and  the 
date  of  salvage  value.  Or,  in  usual  terms,  salvage  value  equals 
first  cost  less  depreciation. 

It  will  be  well  to  point  out  here,  as  was  done  in  §  403,  that  depre- 
ciation and  depreciation  cost  are  two  different  things,  though 
depreciation  cost  is  at  times  referred  to  by  the  single  word  "depreciation" 
While  depreciation  is  the  actual  loss  in  value,  depreciation  cost  is,  as  we 
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have  used  the  term,  the  annual  contribution  to  the  depreciation  fund 
(sinking  fund)  required  to  make  good  on  a  certain  date  the  total  depre- 
ciation which  the  value  of  the  structure  has  suffered  up  to  that  date. 

1604.  When  a  structure  is  no  longer  capable  of  performing 
service  as  a  structure,  or  when  the  serviceability  which  is  still 
possessed  by  a  structure  is  not  in  demand,  the  structure  has  no 
value  except  the  values  of  the  materials  and  parts  of  which  it 
is  composed.  The  scrap  value  of  a  structure  is  the  sum  of  the 
market  prices  of  its  component  materials  and  parts,  less  the  cost 
of  their  preparation  for  and  transportation  to  market. 

For  example,  when  an  old  highway  bridge  is  condemned  to  make  way 
for  its  successor,  the  sounder  timbers  may  be  sold  for  some  temporary 
use  and  the  rods,  bolts,  and  washers  sold  to  be  directly  used  or  remelted. 
If  the  old  bridge  sells  for  $25  to  a  buyer  who  takes  the  bridge  away  at 
his  own  cost,  the  scrap  value  of  the  bridge  is  $25. 

Scrap  value  may  decrease  or  increase  as  the  structure  grows  older. 

1605.  Of  the  total  sale  value  of  a  structure  at  a  given  time 
that  part  which  exists  by  virtue  of  the  capability  of  the  struc- 
ture to  render  service  as  an  entirety  is  the  wearing  value  of  the 
structure  at  that  time. 

A  structure  may  at  the  time  of  offering  for  sale  be  in  condition  to  ren- 
der service  as  a  structure — may  have  remaining  serviceability — yet, 
if  no  one  can  be  found  to  pay  anything  for  such  serviceability,  the  wear- 
ing value  at  that  time  is  zero.  Thus  when  an  iron  bridge,  which  is  no 
longer  of  use  to  the  owner,  is  offered  for  sale,  the  wearing  value  of  the 
bridge  at  that  time  is  zero  if  no  one  can  be  found  to  buy  the  bridge  for 
use  as  a  bridge,  even  if  the  structure  is  practically  new. 

1606.  The  relations  which  we  have  found  to  exist  between 
salvage  value,  first  cost,  depreciation,  wearing  value,  and  scrap 
value  are  cleariy  shown  in  Fig.  1606. 

I  First  cost 
(— ) 
Depreciation 

(Wearing  value 
(+) 
Scrap  value 
Fig.   1606. — -Analysis  of  salvage  value. 

1607.  Salvage  value  (second-hand  price)  is  affected  by  the 
following  conditions:  (1)  reason  for  selling;  (2)  market  price  of 
like  structure  new;  (3)  condition  of  structure;  and  if  the  sale  of 
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structure  implies  removal,  the  following  are  to  be  added  to  the 
foregoing  conditions:  (4)  structure  standard  or  special;  (5) 
structure  massive  or  articulate;  and  (6)  location  of  structure. 
The  bearings  of  these  conditions  on  salvage  value  are  considered 
in  the  following  six  sub-sections. 

1.  The  price  which  can  be  obtained  for  a  second-hand  structure 
depends  to  a  great  extent  on  what  the  buyer  thinks  is  the  owner's 
reason  for  selling.  It  is  reasonable  to  expect  a  higher  price  for  a  partly 
worn  engine  when  it  is  part  of  a  plant  and  business  to  be  sold  on  account 
of  the  death  or  retirement  of  the  owner  than  when  it  is  offered  for  sale 
with  the  object  of  putting  in  its  place  a  new,  like  engine;  because  in  the 
latter  case,  and  not  in  the  former,  suspicion  is  cast  on  the  efficiency  or 
durability  of  the  engine  offered.  Suspicion  is  the  factor  chiefly  responsi- 
ble for  the  fact  that  the  second-hand  price  of  a  little-used  article  in  the 
open  market  is  usually  from  30%  to  50%  less  than  first  cost. 

2.  A  structure  which  may  be  bought  ready  made  in  the  market  has 
a  market  price — ^in  fact  two  market  prices,  a  retail  price  and  a  wholesale 
price.  When  such  a  structure  is  bought  and  installed  ready  for  use, 
but  not  yet  used,  its  salvage  value  is  probably  a  maximum.  Such 
maximum  salvage  value  cannot,  except  under  conditions  named  below, 
be  expected  to  exceed  the  wholesale  price  which  obtains  at  the  time  of 
installation. 

If  the  market  price  new  of  similar  structures  is  greater  (or  less)  at 
the  time  of  second-hand  sale  than  when  the  second-hand  structure  was 
bought  new,  the  salvage  value  may  be  expected  to  be  higher  (or  lower) 
than  it  would  be  if  the  market  price  new  did  not  change. 

The  market  price  new  may  advance  between  the  date  of  purchase 
new  and  the  date  of  second-hand  sale,  so  far  even  as  to  cause  the  salvage 
value  to  exceed  first  cost.  For  example,  steel  rails  bought  at  116  per 
ton  and  used  for  years  have  brought  a  higher  figure  at  second-hand  sale, 
because  at  the  time  of  second-hand  sale,  new  rails  had  advanced  to  $28 
per  ton.  And  in  the  case  of  land  the  salvage  value  is  quite  often  much 
greater  than  the  first  cost. 

Market  price  new  is  affected  by  fluctuations  in  prices  of  labor  and 
materials,  and  also  by  the  ratio  of  supply  to  demand.  Demand  may 
rise  and  fall  with  some  regularity  with  the  rounds  of  the  seasons,  as  is 
the  case  with  agricultural  implements  and  machinery;  with  less  regular- 
ity with  waves  of  good  a'nd  hard  times.  They  may  suddenly  rise  at  the 
outset  of  a  great  constructional  enterprise,  and  as  suddenly  fall  at  its 
completion;  or  change  with  changes  in  the  tastes  and  mode  of  life  of  the 
people.  Demand  for  any  given  type  of  structure  may  be  cut  off  parti- 
ally or  entirely  by  the  appearance  of  an  improved  type  of  structure 
designed  for  the  same  kind  of  service.  A  structure  is  said  to  be  ''obsoles- 
cent" when  the  demand  for  it  is  falling,  owing  to  the  introduction  of 
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improved  structures,  and  ''obsolete"  when  the  demand  has  ceased 
entirely. 

While  in  most  cases  it  is  out  of  the  question  to  arrive  by  formal  calcu- 
lation at  the  future  market  price  new  of  a  structure,  nevertheless  it  is 
necessary  to  take  into  account  the  possibilities  of  market  changes,  and 
weigh  these  along  with  other  conditions  when  estimating  salvage 
value. 

The  effect  of  change  in  market  price  new  on  salvage  value  is  indepen- 
dent of  other  conditions  which  affect  salvage  value. 

3.  Of  two  structures  otherwise  alike  the  one  which  is  in  the  better 
condition — which  possesses  the  greater  number  of  units  of  serviceability 
— will  have  the  greater  salvage  value.  Thus  salvage  value  may  de- 
crease through  neglect  of  structure  as  well  as  through  use.  For  example, 
the  salvage  value  of  a  harvesting  machine  which  is  left  unprotected  in 
the  field  between  harvests  falls  more  between  than  during  harvest 
seasons. 

4.  (The  remarks  in  this  paragraph  are  pertinent  if  the  sale  implies 
removal  of  the  structure  from  its  present  site.)  Of  two  structures 
otherwise  alike,  that  one  which  is  special  {i.e.,  modified  to  meet  pecu- 
liar local  conditions)  will  have  a  lower  salvage  value  than  the  other  which 
is  standard  {i.e.,  designed  for  normal  conditions).  A  half -worn, 
small,  steel  highway  bridge,  if  square,  may  bring  a  salvage  value  much 
greater  than  scrap  value,  but  if  skew,  scrap  value  only.  The  salvage 
value  of  a  trestle  which  carries  a  railroad  across  a  depression  can  seldom 
be  greater  than  scrap  value,  because  the  topographic  conditions  are 
rarely  the  same  at  any  two  sites. 

5.  (The  remarks  of  this  paragraph  have  a  bearing  on  salvage  value 
only  when  the  sale  implies  removal  of  structure  to  a  new  site).  If  the 
cost  of  separating  and  putting  together  without  injury  the  readily 
handled  parts  of  a  structure  is  great,  compared  with  the  cost  of  the  parts 
themselves,  the  structure  is  here  said  to  be  massive.  An  articulate 
structure  is  one  the  parts  of  which  can  be  separated  and  rejoined  at  a 
small  cost  compared  with  the  cost  of  the  parts  themselves.  According 
to  these  definitions,  structures  of  earth,  stone,  concrete,  and  the  like 
are  massive  structures,  while  machines  are  articulate  in  a  high  degree. 

The  maximum  salvage  value  of  a  massive  structure  (where  sale 
implies  removal)  may  be  little  more  than  scrap  value,  except  in  the  case 
of  a  structure  which  can  be  moved  economically  as  a  unit;  while  the 
salvage  value  of  an  articulate  structure  may  approach,  or  even  in  some 
cases  exceed,  first  cost.  For  example,  the  track  on  an  embankment 
may  sell  second-hand  for  more  than  half  its  first  cost,  while  the  embank- 
ment cannot  as  a  rule  be  sold  at  all;  and  a  large  structure  of  wood  will 
have  a  greater  salvage  value  when  parts  are  joined  by  bolts  and  nuts 
than  when  spiked  together. 
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6.  Location  may  have-  a  marked  effect  on  salvage  value  if  sale  of 
structure  implies  removal.  The  salvage  value  of  a  more  or  less  isolated 
structure  is  less  than  it  would  be  if  the  structure  were  situated  at  its 
cearest  market,  by  the  cost  of  transportation  to  such  market.  Thus 
a  nearly  new  engine  which  would  bring  a  good  price  at  an  industrial 
center  may,  if  located  at  the  far  end  of  a  rough  trail  or  long  mountain 
road,  as  at  a  mine,  find  no  taker  when  offered  as  a  gift. 

PRICE  FIXED  BY  BUYER  AND  SELLER 

1608.  Ordinarily  in  the  sale  of  an  article  second-hand  between 
private  parties,  the  seller  gets  the  biggest  price  that  he  thinks  he 
can  get,  and  the  buyer  pays  the  smallest  price  that  he  thinks 
the  seller  will  accept. 

When  the  seller  has  no  competition  and  the  buyer  cannot  well  do 
without  the  article,  the  seller  is  likely  to  demand  and  obtain  an  abnor- 
mally large  price.  On  the  other  hand,  when  the  buyer  has  no  competition 
and  is  under  no  constraint  to  buy,  and  the  seller  is  pressed  for  money 
or  has  no  further  use  for  the  article,  the  buyer  is  likely  to  obtain  the 
article  for  a  price  abnormally  low.  Under  such  conditions  the  price 
mutually  agreed  upon  will  depend  not'  only  on  whether  the  seller  or 
buyer  is  in  the  tight  place,  but  also  on  the  tightness  of  the  place,  and 
this  circumstance  is  independent  of  other  conditions  named  farther  on 

If  both  buyer  and  seller  have  active  competition  neither  buyer 
nor  seller  is  at  a  disadvantage,  and  the  price  agreed  upon  may  be 
called  a  market  price.  Such  market  price  is  usually  considered 
a  fair  price. 

FAIR  PRICE  FIXED  BY  THIRD  PARTY  CHOSEN  BY  BUYER 
AND  SELLER 

1609.  Not  infrequently  there  arise  cases  in  which  the  seller 
and  buyer  of  a  second-hand  structure  voluntarily  agree  to  accept 
such  price  as  may  be  fixed  by  a  third  party  who  is  chosen  by  them 
to  appraise  the  value  of  the  structure. 

For  example,  one  or  more  members  of  a  firm  that  owns  an  industrial 
plant  may  wish  to  retire  from  the  firm,  and  it  may  be  agreed  that  the 
continuing  partners  shall  pay  to  the  retiring  partners  a  sum  to  be  com- 
puted from  the  fractional  interest  of  the  retiring  partners  and  the  value 
of  the  plant  as  determined  by  a  disinterested  appraiser  who  is  acceptable 
to  all  parties. 

FAIR  PRICE  FIXED  BY  COURT  OR  COMMISSION 

1610.  Then  there  is  the  class  of  cases  which  arise  from  time  to 
time,  in  which  the  ownership  of  an  existing  public  utility,  as,  for 


176  ENGINEERING  ECONOMICS 

example,  a  water-supply,  is  taken  over  from  a  private  business 
unit  by  the  municipality  which  it  serves.  The  transfer  of  owner- 
ship may  be  made  at  a  price  agreed  upon  by  the  seller  and  buyer; 
or  if  the  utility  is  the  property  of  a  public  service  corporation,  the 
municipality  ma}^  acquire  controlling  or  complete  ownership  by 
buying  up  the  stock  of  the  public  service  corporation. 

1611.  But  usually  the  utility  owners  and  the  municipality 
fail  to  come  to  an  agreement  on  price,  and  then  if  the  municipality 
does  acquire  the  utility  it  does  so  through  legal  procedure  and 
at  a  price  fixed,  not  by  the  utility  owners,  not  by  the  municipality, 
but  by  a  government  commission  or  by  a  court. 

1612.  The  court  or  commission  undertakes  in  each  case  to  fix 
a  ''fair"  price.  But  so  far  neither  court  nor  commission  has 
laid  down  a  formula  by  means  of  which  it  is  possible  to  calculate 
in  advance  what  price  in  any  particular  case  will  be  named  by 
court  or  commission  as  fair. 

1613.  The  practice  of  court  and  of  commission  has  been  to 
base  the  determination  of  fair  price  on  some  or  all  of  the  following 
factors:  (1)  The  original  cost  and  the  costs  of  additions  and 
betterments  to  date.  (2)  The  cost  of  reproduction  new.  (3) 
Depreciation.  (4)  The  amount  and  market  value  of  the  stock 
and  bonds  of  the  corporation  owning  the  utility.  (5)  The  com- 
mercial value  of  the  utility.  (6)  All  other  matters  deemed  by 
court  or  commission  to  be  pertinent  to  the  case. 

1614.  Neither  court  nor  commission  has  specified  what  weight 
should  be  given  to  each  of  these  factors  in  order  to  reach  a  fair 
price  in  any  future  case.  In  fact  no  court  or  commission  has 
disclosed  the  weights  which  it  has  assigned  to  the  various  ele- 
ments in  reaching  its  fair  price  in  any  case. 

1615.  The  original  cost  can  be  known  from  the  accounting 
records  of  the  utility  owners  if  these  records  were  clearly  made 

Investigation  cost 

(+) 
Organization  cost 
First  cost  \  (+) 

Capitalization  cost 

(+) 
^  Creation  cost 
Fig.   1615. — Analysis  of  first  cost, 

and  have  been  preserved,  and  the  same  holds  true  of  costs  of 
additions  and  betterments.     In  many  cases,  however,  such  rec- 
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ords  are  either  incomplete,  or  dubious,  or  lost,  or  destroyed; 
and  in  such  a  case  the  original  cost  must  be  approximated  as 
nearly  as  may  be  by  the  process  of  estimating  first  cost  heretofore 
described. 

By  Fig.  1615  (a  reproduction  of  Fig.  503)  we  are  reminded  of  the 
fact  that  before  construction  of  the  actual  physical  plant  is 
begun  there  are  prerequisite  activities,  numerous  and  varied, 
requiring  outlays  which  together  may  form  a  large  part  of  the 
total  first  cost. 

And  it  is  necessary  to  realize  that  the  transfer  involves  not 
merely  the  ownership  of  the  physical  plant  but  ownership  of  the 
enterprise  as  a  whole.  Thus  creation  cost  must  be  interpreted  as 
including  not  only  the  cost  of  designing  and  constructing  the  phys- 
ical plant  but  also  the  cost  of  creating  the  business  being  transacted. 

The  work  of  estimating  the  cost  of  a  structure  built  a  long  or  a  short 
time  ago  is  not  essentially  different  from  the  work  of  estimating  the 
cost  of  a  proposed  structure.  But  in  carrying  out  the  details  of  the  work 
of  estimating  past  cost  there  may  arise  certain  difficulties  which  do 
not  confront  the  estimator  of  present  or  future  cost. 

If  the  plans  and  specifications  of  the  structure  as  planned  or  as  built 
are  not  available,  then  the  number  of  each  of  the  various  kinds  of  units 
composing  the  structure  must  be  ascertained  by  count  or  by  measure- 
ment and  calculation.  And  in  some  cases  the  count  or  measurement  is 
impracticable  or  even  impossible  because  of  physical  conditions.  For 
instance,  to  ascertain  the  character  of  the  lower  portion  of  the  substruc- 
ture of  a  bridge  abutment  or  pier  may  be  not  feasible ;  or  a  considerable 
portion  of  the  total  of  material  placed  in  an  embankment  built  on 
yielding  ground  may  have  settled  below  the  general  level  of  the  original 
surface ;  or  the  riprap  placed  to  protect  the  side  of  an  embankment  from 
erosive  action  of  stream  or  lake  may  in  part  or  altogether  have  disap- 
peared in  the  mud. 

Nor  is  this  all:  the  number  of  man-hours  and  machine-hours  required 
to  build  a  structure  depends  to  a  great  extent  upon  the  conditions 
surrounding  the  work  of  building.  For  example,  the  number  of  such 
hours  required  under  favorable  conditions  to  build  a  bridge  may  be 
doubled  or  trebled  by  the  occurrence  of  floods,  say;  and  yet  in  any  par- 
ticular case  there  will  be  in  later  years  nothing  to  indicate  whether 
the  structure  was  built  under  favorable  or  unfavorable  conditions. 

If  the  date  of  building  a  structure  can  be  learned,  the  unit  prices  of 
that  date  can  usually  be  determined,  with  some  degree  of  confidence, 
from  printed  records  of  prices. 

What  has  been  written  above  as  to  original  cost  applies  also 
to  costs  of  past  additions  and  of  betterments. 

12 
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1616.  The  cost  of  reproduction  new  may  be  defined  as  the 
total  of  outlays  which  would  have  to  be  made  at  the  present  time 
to  create  the  existing  physical  plant  and  volume  of  business. 

Thus  the  cost  of  reproduction  new  may  be  greater  or  less  or 
equal  to  the  original  cost  depending  upon  the  change  which  has 
taken  place  in  prices  of  labor  and  materials  between  the  time  of 
construction  and  the  time  of  appraisal. 

Suppose  a  plant  was  constructed  in  1867.  The  cost  of  reproduction 
new  determined  in  1897  would  be  much  lower  than  first  cost.  If  the 
plant  were  built  in  1914  the  cost  of  reproduction  new  determined  in 
1920  would  be  much  higher  than  first  cost. 

Thus,  though  first  cost  remains  the  same  on  whatever  date  deter- 
mined, the  answer  to  the  question,  "What  is  the  cost  of  reproduction 
New?",  will  vary  from  date  to  date  with  the  variations  in  prices. 

We  have  spoken  of  reproduction  new  as  taking  place  on  a  date;  but 
the  fact  is  that  the  physical  plant  of  a  public  service  enterprise  cannot 
be  reproduced  on  a  date:  it  would  require  months  or  years.  And  the 
development  of  the  present  volume  of  business  would  take  perhaps 
several  years.  Hence  into  the  work  of  estimating  there  is  introduced 
the  complication  of  price  changes  during  the  period  of  reproduction. 

1617.  If  the  existing  plant  were  new  it  might  be  held  that  its 
fair  value  is  the  estimated  cost  of  reproduction;  but  the  existing 
plant  is  not  new  and,  supposing  the  holding  named  above  to  be 
just,  the  fair  value  must  be  the  cost  of  reproduction  less  deprecia- 
tion. Thus  arises  the  need  of  considering  the  amount  of  deprecia- 
tion which  the  plant  has  suffered. 

The  depreciation  of  an  existing  plant  is  often  determined  by 
expert  inspection  and  judgment.  The  expert  inspects  the  plant, 
part  by  part,  and  judges  the  ^'per  cent  condition"  of  the  part. 

The  depreciation  is  also  sometimes  determined  by  one  or 
another  of  certain  so  called  depreciation  formulas  (see  chap.  xvii). 

1618.  In  regard  to  the  amount  and  market  value  of  the  out- 
standing stocks  and  bonds  of  a  public  service  corporation  at  any 
time,  it  suffices  to  say  here  that  the  amount  will  be  shown 
by  the  books  of  the  corporation,  and  the  market  value  can  be 
calculated  from  the  amounts  of  stock  and  bonds  and  the  prices  at 
which  they  are  selling. 

As  the  market  prices  of  stock  change  from  day  to  day,  and  sometimes 
to  a  considerable  extent,  it  has  been  the  practice  to  take  as  the  market 
price  the  average  market  price  over  a  chosen  period  of  time. 

1619.  The  commercial  value  of  a  public  utility  property  is 
found  by  capitalizing  the  future  net  earnings. 
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By  net  earnings  is  meant  gross  earnings  less^operating  cost^  deprecia- 
tion cost,  and  taxes.  '~ 

The  estimation  of  future  net  earnings  is  of  course  attended  with  un- 
certainty even  in  the  case  of  a  private  enterprise,  and  in  the  case  of  a 
public  service  enterprise  this  estimation  is  rendered  still  more  uncertain 
by  the  impossibility  of  predicting  to  what  extent,  and  when,  the  gross 
earnings  or  the  cost  of  service,  or  both,  will  be  affected  by  changes  which 
will  be  made  in  rates,  or  service,  or  both,  by  government. 

The  rate  of  interest  to  be  used  in  capitalizing  net  earnings  is  that  at 
which  investors  are  willing  to  invest  their  money  in  the  securities  of  the 
enterprise. 

1620.  Besides  the  "values''  which  we  have  been  considering 
as  elements  to  be  weighed  in  determining  ''fair  price"  of  a  public 
utility  property,  there  may  be  in  any  particular  case  other 
conditions  and  circumstances  of  the  past  and  present  life  of  the 
property  which  will  be  taken  into  account  by  the  commission  or 
court  in  coming  to  a  decision  as  to  what  is  the  ''fair  price." 

1621.  So  far  we  have  considered  valuation  for  the  purpose 
of  determining  a  fair  price  for  a  public  utility  property.  Valua- 
tion of  such  property  is  also  undertaken  to  determine  the  value 
as  a  basis  (1)  for  taxation;  (2)  for  issue  of  securities;  and  (3)  for 
rate  fixing  by  government. 

1622.  Since  both  the  stock-and-bond  value  and  the  commercial 
value  of  a  utility  are  derived  from  present  and  prospective  rates, 
neither  of  these  values  can  consistently  be  used  as  a  datum  for 
determining  a  "fair  value"  upon  which  to  base  rates.  To  use 
either  as  a  datum  would  be  tantamount  to  assuming  that  the 
rates  in  force  are  themselves  the  "fair  rates"  to  be  determined. 

With  the  exceptions  noted  above,  it  may  be  said  that  some 
or  all  of  the  elements,  which  have  been  described  as  being  taken 
into  account  by  court  or  commission  in  determining  "fair  price," 
may  be  taken  into  account  in  determining  "fair  value"  for  any  of 
the  three  purposes  enumerated  above.  And  the  weight  given  an 
element  when  valuing  for  one  purpose  may  or  may  not  be  the 
same  as  when  valuing  for  another  purpose. 

1623.  The  engineer's  part  in  the  work  of  valuation  lies  pri- 
marily in  estimating  (1)  original  cost  and  costs  of  betterments, 
and  additions,  (2)  cost  of  reproduction  new,  and  (3)  depreciation. 
The  engineer  who  is  a  member  of  a  valuation  commission  of 
course  takes  a  hand  in  weighing  the  several  valuation  factors  and 
judging  the  "fair  value." 
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CHAPTER  XVII 
VALUATION  (CONCLUDED) 

Formulas  for  Depreciation  and  Salvage  Value 

1701.  Any  formula  by  which  it  is  proposed  to  compute  the 
depreciation  of  a  structure  is  usually  called  a  depreciation 
formula.  In  this  chapter  we  shall  discuss  five  depreciation 
formulas,  namely:  (1)  the  ''straight-Hne"  formula,  (2)  the 
*' sinking-fund"  formula,  (3)  the  Matheson  formula,  (4)  the 
Gillette  formula,  and  (5)  the  ''equal  profit  ratios"  formula. 
After  all  of  the  formulas  have  been  presented  they  will  be  applied 
to  a  numerical  example. 

DERIVATION  OF  FORMULAS 

1702.  The  straight-line  formula  for  calculating  depreciation 
is  based  upon  the  assumption  that  the  annual  depreciation  is 
equal  to  the  total  drop  in  value  during  the  life  of  the  structure, 
divided  by  the  life  expressed  in  years. 

Let         A  =  age,  in  years,  for  which  salvage  value  is  sought; 
L  =  life  of  structure,  in  years; 
C  =  first  cost  of  structure; 
Ca  =  salvage  value  of  structure  at  age  A  yr.; 
%Ca  =  per  cent  ratio  of  Ca  to  C; 
Cl  =  value  of  structure  at  end  of  life  of  L  yr. ; 

/  =  yearly  depreciation; 
%f  =  per  cent  ratio  of  /  to  C; 
Fa  =  depreciation  of  structure  up  to  age  A  yr. ; 
%Fa  =  per  cent  ratio  of  Fa  to  C. 

From  the  assumption  and  notation  above  we  obtain  the  following 
formulas. 


Yearly  depreciation  is 


f  =  ^-^.  (1702a) 

L 
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Yearly  depreciation,  per  cent,  is 

C  -Cl 


%f  =  100 


CL 


Depreciation  up  to  age  A  yr.  is 
Depreciation,  per  cent,  up  to  age  A  yr.  is 

A(C-Cr.) 


%F. 


100 


CL 


Cr 


Salvage  value  at  age  A  yr.  is 

Ca  =  C  -  A 


Salvage  value,  per  cent,  at  age  A  yr.  is 

C  -  Cr: 


%C. 


100 


(■  -  ^  "^l 


(1702b) 


(1702c) 


(1702d) 


(1702e) 


(1702f) 


1703.  The  sinking-fund  formula  is  based  on  the  assumption  that 
the  depreciation  up  to  any  age,  A,  is  equal  to  the  amount,  at  the 
end  of  A  yr.,  of  the  sinking  fund  established  (actually  or  in 
imagination)  to  offset  the  total  life  depreciation  of  the  structure; 
in  other  words  the  formula  is  based  on  the  assumption  that 
depreciation  and  amount  of  depreciation  fund  at  any  given  time 
are  equal. 

Let        A  =  age,  in  years,  for  which  salvage  value  is  sought; 
C  =  first  cost  of  structure; 
Ca  =  salvage  value  of  structure  at  age  A  yr. ; 
%Ca  =  per  cent  ratio  of  Ca  to  C; 
Cl  =  value  of  structure  at  the  end  of  its  life  of  L  yr. ; 
Fa  =  depreciation  of  structure  up  to  age  A  yr. ; 
%Fa  =  per  cent  ratio  of  Fa  to  C; 

dL  =  sinking-fund  deposit  required  to  redeem  $1  at  the 

end  of  L  yr. ; 
Za  =  amount  of  sinking  fund  in  which  $1  is  deposited 
yearly  for  A  yr. 

The  following  formulas  are  based  upon  the  assumption  and 
notation  given  above. 

Depreciation  up  to  age  A  yr.  is 

Fa  =  {C  -  Cj.)dr^A.  (1703a) 
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Depreciation,  per  cent,  up  to  age  A  yr.  is 


7cF. 


100 


c. 


dijZA' 


(1703b) 


Salvage  value  at  age  A  yr.  is 

Ca  =  C  -  {C  -  CL)di^A.  (1703c) 

Salvage  value,  per  cent,  at  age  A  yr.  is 

%Ca  =  100[l  -  ffi-g^)^^^-^^.  (1703d) 

1704.  The  Matheson  formula  differs  from  the  straight-line 
formula  in  this,  that,  whereas  with  the  latter  the  depreciation 
each  year  is  taken  as  a  constant  percentage  of  first  cost,  with  the 
former  the  depreciation  each  year  is  taken  as  a  constant  percentage 
of  the  salvage  value  at  the  beginning  of  that  year.  For  example, 
if  first  cost  is  $100  and  the  so-called  rate  of  depreciation  is  taken 
as  5  %,  then  by  the  Matheson  formula  at  age  1  yr.  the  salvage 
value  is  $100  —  $5  =  $95;  during  the  second  year  the  drop  in  value 
is  5%  of  $95,  or  $4.75,  and  the  salvage  value  at  the  end  of  the 
second  year  is  $95  —  $4.75  =  $90.25,  and  so  on.  Evidently  this 
method  gives  a  decreasing  yearly  depreciation;  and  the  salvage 
value  will  become  zero  only  at  the  end  of  time,  if  the  structure 
has  no  scrap  value. 

Let        A  =  age,  in  years  for  which  salvage  value  is  sought; 
C  =  first  cost  of  structure; 
Ca  =  salvage  value  at  age  A  yr.; 
%Ca  =  per  cent  ratio  of  Ca  to  C; 
Cl  =  value  of  structure  at  the  end  of  life  of  L  yr. ; 
Fa  =  depreciation  of  structure  up  to  age  A  yr. ; 
%Fa  =  per  cent  ratio  of  Fa  to  C; 

k  =  ratio  of  depreciation  in  any  1  yr.  to  the  salvage 
value  at  the  beginning  of  that  year,     k  is  constant. 
From  the  foregoing  assumption  and  notation  we  construct 
the  following  tabulation : 


Year 

Yearly 
depreciation 

Salvage  value  at  end  of  the  year, 
Ca 

Total  deprecia- 
tion up  to  the 
end  of  the  year 

1st 
2d 
3d 

kC 

kCa  -  k) 

kC(l  -  k)^ 

C  -  kC 

C(l  -k)  -  kC(l  -  k) 

ca  -  k)i  -  kC{l  -  k)2 

=  C(1 
=  C(1 

=  C(1 

-k) 
-k)i 
-  A;)3 

kC 

c  -  c(i  -ky- 

C  -  C(l  -  k)3 

^th 

kca  -  ki^-' 

C(l  -k)^-'  -hC(l  -k)^- 

'  =  C(l 

-k)^ 

C  -C(l  -  k)"^ 
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1        ^f^        1       '  f 


(1704f) 


From  the  tabulation  we  write  the  following  formulas : 
Depreciation  during  the  Ath  yr.  =  kC(l  —  ky~^.  (1704a) 

Depreciation  up  to  the  age  A  yr.  is 

F^  =  C  -C{1  -  ky.  (1704b) 

Depreciation,  per  cent,  up  to  age  A  yr.  is 

%F^  =  100  [1  -  (1  -  kYl  (1704c) 

Salvage  value  at  age  A  yr.  is 

Ca  =  C(l  -  ky  =  ^i^Y"^'  (See  Eq.  1704  f)  (1704d) 

Salvage  value,  per  cent,  at  age  A  yr.  is 

%Ca  =  100  (1  -  ky.  (1704e) 

Rate  of  depreciation  so  called,  is 

1705.  The  Gillette  formula  is  based  on  the  following  principle : 
''The  owner  of  a  second-hand  machine  [structure]  is  entitled 
to  such  a  price  for  it  as  will  enable  the  purchaser  to  go  on  with  its 
use  and  produce  each  unit  of  product  at  as  low  a  cost  as  the 
average  unit  cost  of  production  would  be  during  the  entire  life  of 
the  machine  [structure]."^ 

The  Gillette  formula  assumes  an  analysis  of  annual  service  cost 
which  differs  from  that  which  we  have  carried  out  in  previous 
pages.  This  special  analysis,  which  will  be  used  throughout  this 
chapter,  is  shown  by  the  diagram,  Fig.  1705. 

Depreciation  cost 

(  +  ) 
Interest  and  other  fixed  charges  (Cr.) 

(+) 
Operation  cost  (O) 

(  +  ) 
Maintenance  cost  (M) 
Fig.  1705. — A  special  analysis  of  annual  service  cost. 

It  will  be  understood  that  yearly  amortization  is  another  name  for 
annual  depreciation  cost;  that  interest  on  invested  capital  is  here,  for 
the  first  time  in  the  book,  counted  as  an  item  of  annual  service  cost; 
and  finally  that  out  of  the  items  heretofore  embraced  by  the  term 
''operation,"  we  have  made  three  groups,  namely  "other  fixed  charges," 
"operation,"  and  "maintenance." 

1  H.  P.  Gillette,  Cost  Data,  2nd  ed.,  1910,  p.  36, 


Annual  service  cost 
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The  foregoing  remarks   will  serve  to  make   intelligible  the 
following  notation: 

Let  A  =  age,  in  years,  for  which  salvage  value  is  sought; 
C  =  first  cost  of  structure; 
Ca  =  salvage  value  of  structure  at  age  A  yr. ; 
%Ca  =  per  cent  ratio  of  Ca  to  C; 

Cl  =  value  of  structure  at  the  end  of  its  life  of  L  yr.; 
cIl  =  yearly  deposit  in  sinking  fund  required  to  redeem  $1 
inLyr.; 
dL-A  =  yearly  deposit  in  sinking  fund  required  to  redeem  $1 
in  L  —  A  yr. ; 
Fa  =  depreciation  of  structure  up  to  the  age  A  yr.; 
%Fa  =  per  cent  ratio  of  Fa  to  C; 

M  =  yearly  cost  of  maintenance  for  L  yr. ; 
ikf "  =  yearly  cost  of  maintenance  after  first  A  yr. ; 

0  =  yearly  cost  of  operation  for  L  yr. ; 
0"  =  yearly  cost  of  operation  after  the  first  A  yr. ; 
r  =  ratio   of  yearly   interest   and   other   fixed   charges 
to  first  cost,  C; 
r"  =  ratio  of  yearly  interest  and  other  fixed  charges^  (for 

second-hand  structure)  to  Ca', 
U  =  yearly  output  of  structure  during  life ; 
U"  =  yearly  output  of  structure  after  the  first  A  yr. ; 
Vl  =  unit  cost  of  service  for  life  L  yr. ; 
Vl-a  =  unit  cost  of  service  for  the  last  L  ~  A  yr.  of  life. 

The  unit  cost  of  service  over  the  L  yr.  of  life  is  found  by  dividing 
the  yearly  cost  of  service  by  the  corresponding  yearly  output ;  thus, 

v,  =  ^[{C-C,)d^  +  Cr  +  0-{-M]. 

To  him  who  buys  the  structure  at  the  age  of  A  yr.,  the  average 
unit  cost  of  service  during  the  L  —  A  remaining  years  of  life  will 
be 

v^A  =  ^  [(Ca  -  C,)d^.A  +  Cat''  +  0''  +  M'']. 

According  to  the  principle  stated  at  the  beginning  of  this  section, 
Vl-a  should  equal  Vl.     Hence 

^If  it  is  not  practicable  to  estimate  the  ratio  of  the  item  ''other  fixed 
charges,"  to  Ca  without  knowing  the  value  of  Ca,  then  the  item,  "other 
fixed  charges,"  should  be  included  in  M",  and  r"  will  then  be  simply 
the  interest  rate  on  the  capital,  C^. 
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77  [(Ca  -  C,)d^A  +  Ca  t"  +  0"  +  M"] 


[{C  -  Ci)dr^  +  Cr  +  0  +  ikf].  (1705a) 


Solving  this  equation  for  Ca  we  obtain  the  following: 
Salvage  value  at  age  A  yr.  is 


Ca  = 


-^~[{C-C^)d^+Cr+0-^M]^Cd^_A-{0"^-M") 


Salvage  value,  per  cent,  at  age  A  yr.  is 

%Ca  =  100^- 

Depreciation  up  to  age  A  yr.  is 

Fa  =  C  -  Ca. 
Depreciation,  per  cent,  up  to  age  A  yr.  is 

C  -Ca 


7cF. 


100 


(1705b) 

(1705c) 
(1705d) 
(1705e) 


Special  Case  I. — When  the  salvage  value  at  the  end  of  life  is 
zero,  and  yearly  output  and  yearly  operating  cost  are  uniform 
over  the  life  of  the  structure,  Cl  =  zero,  U"  =  U,  and  0''  =  0; 
and  introducing  these  values  into  Eq.  1705b  we  obtain  the 
following : 

Salvage  value  at  the  age  A  yr.  is 

C{dr^  +  r)  +  M  -  M'' 


^^  -  dr^A  +  r- 

Salvage  value,  per  cent,  at  age  A  yr.  is 


^L  +  r  + 


M  -  M" 


%Ca  =  100- 


(1705f) 


(1705g) 


d^A  +  r" 

Eq.  1705g  is  virtually  that  to  which  Mr.  Gillette  has  given  the 
name  ''unit  cost  depreciation  formula." 

Special  Case  II. — When  yearly  output,  yearly  cost  of  main- 
tenance, yearly  cost  of  operation,  and  the  ratio  of  interest  and 
other  fixed  charges  to  first  cost  are  uniform  over  the  life  of  the 
structure,  U"  =  U,  0"  =  0,  M"  =  M,  r"  =  r.  Placing  these 
values  in  Eq.  1705b  we  obtain 

(C  -  Cx,)rfL  -VCr-\-  CJl-a 


Ca  = 


+  r 


(1705h) 
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When,  also,  the  ''other  fixed  charges"  are  zero  and  the  interest 
rate  is  the  same  for  capital  and  sinking  fund,  Eq.  1705h  reduces  to 
Eqs.  1705i  and  1705j  as  follows.     Substituting  for  c^^its  value 

^L  _  i^  foi"  ^L-A  its  value  ~^  _  ^  (where  s  =  amount  of  $1  for  1 

yr.),  and  for  r  its  value  s  —  1,  we  find  that  Eq.  1705h  reduces  to 

Ca==C  -  {C  -  Cr.)  ^^-^i  •  (17051) 

Since -^ =  — • =  c^^jSa,  we  obtain  from  Eq.  17051 

S  IS  L  S  J. 

the  following: 

Salvage  value  at  age  A  yr.  is 

Ca  =  C  -(C  -  C:)d^ZA.  (1705J) 

This  equation,  as  the  reader  will  see,  is  the  ''sinking-fund" 
depreciation  formula  (Eq.  1703c). 

Special  Case  III. — If  to  the  provisions  of  special  case  //  we 
add  that  interest  is  to  be  ignored,  Eq.  1705h  becomes 

(C  -  Or  +  C,      ^ 


Ca  =  '^  ^    ^'^      ^'  (1705k) 

Reducing  Eq.  1705k,  we  obtain  the  following: 
Salvage  value  at  age  A  yr.  is 

C^  =  C-^^^~^^\  (1705m)' 

It  should  be  observed  that  Eq.  1705m  is  the  "straight-line" 
depreciation  formula  (Eq.  1702e). 

1706.  It  remains  to  derive  the  equal  profit  ratios  formula, 
which  was  devised  by  me  and  first  appeared  in  the  earlier  edition 
of  this  book. 

Sometimes  the  demand  for  the  service  of  a  structure  is  expected 
to  increase  from  the  beginning  of  operation,  because  (1)  of  the 
spreading  recognition  of  the  convenience  of  the  service,  and  the 
people's  readjustment  of  their  mode  of  life  to  take  advantage  of 
it;  and  (2)  because  of  the  growth  of  the  population,  as  for  example 
in  the  case  of  a  new  waterworks  for  a  small  town,  or  a  railroad  in 
an  undeveloped  territory.  Now,  for  some  reasons  it  is  not 
economical  to  build  a  structure  to  meet  simply  the  service 
demand  of  the  first  year,  and  for  other  reasons  it  is  not  economical 
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to  build  to  meet  the  demand  expected  50  or  60  yr.  hence. 
Though  the  problem  of  determining  for  what  future  time  it  is 
economical  to  build  now  comes  under  the  head  of  engineering 
economics  and  the  engineer  may  be  called  upon  to  solve  it,  the 
solution  of  the  problem  is  here  passed  by  as  being  beyond  the 
scope  of  this  book.  But,  whatever  may  be  the  precise  number  of 
years  for  which  a  large  and  complex  structure  is  built,  one  thing  is 
certain,  namely,  that  during  the  early  years  of  operation  the 
potential  capacity  of  the  structure  may  not  be  fully  employed,  and 
we  may  say  a  part  of  the  invested  capital  may  thus  be  necessarily 
idle  for  a  time.  And  it  may  be  that  the  yearly  earnings  from  the 
sale  of  service  during  the  earlier  years  will  be  less  than  the  yearly 
cost  of  service.  During  each  of  the  early  years  when  the  earnings 
do  not  meet  all  the  cost  of  service,  not  only  is  there  no  profit,  but 
the  owner  must  borrow  money  (from  himself  or  others)  to  pay 
that  portion  of  cost  of  service  which  the  earnings  do  not  cover. 
Thus  he  must  wait  for  the  profit  belonging  to  the  earlier  years, 
and  pay  interest  on  the  money  borrowed,  until  such  time  as  the 
excess  earnings  become  great  enough  to  reimburse  him. 

Many  structures  are  planned  and  built,  with  the  foreknowledge 
that  the  yearly  earnings  of  the  early  years  will  not  pay  the 
corresponding  yearly  costs  of  service,  on  the  reasonable  expecta- 
tion that  the  earnings  of  later  years  will  exceed  the  yearly  costs 
by  sums  which  will  pay  not  only  a  reasonable  yearly  profit  for 
the  later  years,  but,  also,  all  deferred  profits  and  the  money  bor- 
rowed during  the  earlier  years  together  with  interest  thereon. 

How  is  a  fair  price  to  be  determined  for  a  structure  from 
which  the  earnings  have  not  been  sufficient  to  pay  yearly  costs 
of  service  and  the  yearly  profits  up  to  the  time  of  the  proposed 
sale?  Evidently  a  price  computed  by  any  formula  which 
ignores  earnings  will  be  greatly  to  the  disadvantage  of  the 
seller,  who,  unless  earnings  are  taken  into  account,  may  be 
constrained  to  whistle  for  his  profits  while  he  pays  out  of  his  own 
pocket  the  debts  incurred  for  money  to  help  to  keep  the  structure 
operating.  It  is  believed  that  no  formula  can  give  a  fair  second- 
hand price  unless  it  recognize  earnings;  and  in  this  belief  a 
new  formula  (Eq.  1706e)  is  offered,  based  on  the  following 
principle : 

A  fair  price  for  a  second-hand  structure  is  such  as  will  cause 
the  ratio  of  equivalent  uniform  yearly  profit  to  investment  to  he  the 
same  for  the  seller  as  for  the  buyer. 
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Let       L  =  the  life  of  structure,  in  years; 

A  =  age,   in    years,   for  which   salvage  value  is 

sought; 
Za  =  amount  of  an  A  yr.  sinking  fund  in  which 

$1  is  the  end-of-year  deposit. 

For  the  seller: 
Let        h'  =  equivalent  uniform  yearly  profit  for  the  A 

e'  =  equivalent  uniform  yearly  earnings  for  the  A 

yr-; 

yA  =  equivalent  uniform  yearly  cost  of  service  for 

the  A  yr. ; 

C  =  first  cost  of  structure  (to  the  seller) ; 

Ca  =  salvage  value  of  structure  at  age  A  (this  is  the 

first  cost  to  the  buyer) ; 

dA  =  end-of-year  deposit  in  the  sinking  fund  re- 

quired to  redeem  SI  at  the  end  of  A  yr.; 

r'  =  ratio  of  yearly  interest  and  other  fixed  charges 

(for  the  seller)  to  the  seller's  first  cost,  C; 

0'  =  equivalent  uniform  yearly  cost  of  operation 

for  the  A  yr. ; 

M'  =  equivalent  uniform  yearly  cost  of  mainte- 

nance for  the  A  yr. 

For  the  buyer: 

Let        h"  =  equivalent    uniform    yearly    profit    for    the 

L-Ayv.] 
e"  =  equivalent  uniform  yearly  earnings  for  the 

L-Ayx.) 
2/t-A  =  equivalent   uniform  yearly   cost   of  service 

for  the  L  —  A  yr. ; 
Ca  =  first  cost  of  structure  (to  the  buyer) ; 

Cl  =  salvage  value  of  structure  at  age  L  yr. ; 

dL-A  =  end-of-year  deposit  in  the  sinking  fund  re- 

quired to  redeem  SI  at  the  end  of  L  —  A  yr. ; 
r"  =  ratio  of  yearly  interest  and  other  fixed  charges 

(for  the  buyer)  to  the  buyer's  first  cost,  Ca  ; 
0"  =  equivalent  uniform  yearly  cost  of  operation 

for  the  L  —  A  yr.; 
M"  =  equivalent  uniform  yearly  cost  of  maintenance 

for  the  L  =  A  yr. 
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For  the  seller,  whose  investment  is  C,  the  ratio  of  equivalent 
uniform  yearly  profit  to  investment  is  b'/C;  and  for  the  buyer, 
whose  investment  is  Ca,  the  ratio  of  equivalent  uniform  yearly 
profit  to  investment  is  h"  JCa-  According  to  the  principle  stated 
above, 

h'lC  =  h"ICA  (1706a) 

From  the  notation  above, 

h'  =  e'  -  2/x, 
and  h"  =  e"  -  Vl-a) 

and  the  yearly  service  cost  (introducing  the  primes  here  for  present 
purposes)  is 

2/A  =  (C  -  CA)dA  +  Cr'  +  0'  +  M\ 

and,  similarly, 

Vl-a  =  {Ca  -  CL)dL-A  +  Ca  r"  +  0"  +  M", 

Substituting  these  values  of  h',  h",  yA,  and  yL-A  in  Eq.  1706a,  we 
have 

e'  -  [{C  -  CA)dA  +  Cr'  +  0^  +  M'] 
C 
_e"  -  [{Ca  -  CJ^w  +  Cat"  +  0"  +  M"]      ^^^^^^^ 

from  which  we  obtain 

C\  +  CaZaW  -  {0'  -f  M')  -  C{dA  -  d^_A  +  r'  -  r")] 

=  CzaW  -  {0"  +  M")  +  C^l-aI    (1706c) 

Let  2g  =  the  coefficient  of  Ca,  and  m  =  the  right-hand  member  of 
the  equation;  then 

C\  +  2gCA  =  m.  (1706d) 

Completmg  the  square 

C\,  +  2gCA  +  6f2  =  m  +  9^2 

Taking  the  square  root  and  transposing,  we  obtain  the  following 
formula  for  the  salvage  value : 

Ca  =  V^^Tf^  -  g,  (1706e) 

where 

g  =  {H)zA[{e'  -  {0'  +  M')  -  C{dA  -  d w  +  /  -  r'%     (1706f) 
and 

m  =  Cza  W  -  {0"  +  M")  +  C^c^w],  (1706g) 
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and  the  other  letters  have  the  significations  given  above.  Values 
of  Za  naay  be  taken  from  Table  C,  and  values  of  (Ia  and  dL-A  from 
Table  E. 

Special  Case.^Fov  this  special  case  two  assumptions  are  made. 
(1)  No  profits  are  made  on  the  undertaking  other  than  those 
made  in  the  form  of  interest  on  first  cost.  (2)  The  earnings  are 
proportional  to  the  output. 

From  assumption  (1),  h'  is  zero  and  h"  is  zero.  Therefore, 
from  notation,  e'  —  Va  =  zero,  and  e"  —  Hl-a  =  zero.  Conse- 
quently 

e'  =  2/A,  (1706h) 

and  e"  =  yr^^A.  (17061) 

From  assumption  (2),  letting  U'  and  U"  be  the  yearly  output 
for  the  seller  and  buyer  respectively,  e"/e^  =  t/' '/  U'j  or, 

"        ^      '  (1706J) 


e 

=   ^,e. 

Putting  this  value  of 

e"m 

Eq.  17061,  ^ 

ive  have 

U" 
U' 

-  e'  =  vl-a; 

which,  since  e' 

=  Va 

(Eq. 

U" 
U' 

1706h),  may 
Va  =  Vl-a, 

be  written 

whence  Va/U'  =  Vl-a/U"  (1706k) 

Eq.  1706k  shows  that  under  the  two  assumptions  of  this  special 
case,  the  unit  cost  of  service  is  uniform  over  the  whole  life ;  and 
because  of  this  we  may  write, 

Vl-a/U"  =  yJU  (1706m) 

where  t/l  =  equivalent  uniform  yearly  cost  of  service  during 
the  whole  life  of  L  yr.,  and  U  =  equivalent  uniform  yearly 
output  for  the  whole  life.  Substituting  for  yL-A  and  2/l  their 
values  in  terms  of  amortization,  interest  and  other  fixed  charges, 
operation,  and  maintenance,  we  obtain, 

-^[(C^  -  Cj)dL-A  +  Cat"  +  0"  +  M"] 

=  jj  [{C  -  Cr.)dr.  +  Cr  +  0  +  M]'  (1706n) 

Equation  1706n  is  the  same  as  Eq.  1705a.     Thus  we  find  that 
the  equal  profit  ratios  formula  reduces  to  the  Gillette  formula,  for 
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the  special  case  in  which  the  profits,  other  than  those  paid  in  the 
form  of  interest  on  first  cost,  are  zero  and  the  earnings  are  pro- 
portional to  the  output. 

COMPARISON  OF  FORMULAS 
Example  1 

1707.  Let  us  solve,  by  using  in  turn  each  of  the  five  formulas, 
the  following  example: 

Example  1. — We  have  the  following  data  pertaining  to  a 
structure.     Required  the  salvage  value  at  the  age  of  5  yr. 

First  cost $10000 

Life 10  yr. 

Salvage  value  at  end  of  life 0 

Interest  rate  on  capital  and  amorti/ation  fund. . .  5% 

Yearly  cost  of  operation  and  maintenance: 

During  the  first  5  yr $1000 

During  the  last  5  yr $2000 

Yearly  output  (units  of  service) : 

During  the  first  5  yr 1000 

During  the  last  5  yr 2000 

Yearly  earnings  from  sale  of  service: 

During  the  first  5  yr $3000 

During  the  last  5  yr $6000 

Solution  hy  Straight-line  Formula. — This  formula  (Eq.  1702e)  is 

C^  =  C  ~  A^-^' 

For  this  example  C  =  10,000,  A  =  5,  Cl  =  0,  and  L  =  10; 
hence  the  salvage  value  is 

C.  =  10,000  -  5^^^ 

=  $5000.     Answer. 
The  reader  will  observe  that  this  formula  ignores  interest, 
output,  and  cost  of  operation  and  maintenance,  as  well  as  earnings. 
Solution  hy  Sinking-fund  Formula. — This  formula  (Eq.  1703c) : 
C^  =  C  -{C  -  C^)  d^A. 
For  this  example 

C  =  10,000,  C/,  =  0,  A  =  5,  L  =  10; 

dL  =  dio  =  0.0795  (opposite  ''10,''  under  "5%,"  Table  E),  and 
Za  =  z,  =  5.526  (opposite  ''5,"  under  ''5%,"  Table  C). 

Hence  Ca  =  10,000  -  (10,000  -  0)  (0.0795)  (5.526) 

=  $5606.83.     Answer. 
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It  will  be  observed  that  this  formula  ignores  output,  interest 
on  capital,  and  cost  of  operation  and  maintenance,  as  well  as 
earnings. 

Solution  by  Matheson  Formula. — This  formula  (Eq.  1704d)  is 


"=m 


Ca  = 


In  this  example  C  =  10,000,  L  =  10,  A  =  5.  According  to  the 
data,  Cl  is  zero,  but  if  we  substitute  zero  for  Cl  in  the  formula  we 
shall  come  out  with  Ca  =  zero.  The  basis  of  the  Matheson 
formula  implies  that  salvage  value  can  be  zero  only  at  an  infinite 
age.  Therefore  to  defer  to  the  letter  of  the  implication  and  at  the 
same  time  practically  to  keep  to  the  spirit  of  the  data,  let  us  say 
that  Cl  =  $0.01. 
Hence 

10,000(j^^)    '  =  10,000(0.000001)>^ 

=  10,000(0.001) 
=  $10.     Answer. 

It  will  be  noticed  that  the  Matheson  formula  does  not  take 
into  account  output,  interest,  cost  of  operation  and  maintenance, 
or  earnings,  and  to  this  extent  is  in  the  same  class  as  the  straight- 
line  formula. 

Solution  by  Gillette  Formula. — This  formula  (Eq.  1705b)  is 
^  _  {U"/U)[{C  -  Cj)dL  Jr  Cr  +  O-^M]^  C^dL-A  -  {0''  +  M")- 
^"~  dL-A  +  r" 

In  this  example 

U"  =  2000, 

U  =  (1000  X  5  +  2000  X  5)/10  =  1500, 

L  =  10,    A  =  5,    C  =  10,000,    Cl  =  zero, 

d^  =  di^     =  0.0795  (opposite  '^10,"  under  ''5%,"  Table  E), 

r  =  r"  =  0.05, 

0  +M       =  (1000  X  5  +  2000  X  5)/10  =  1500, 

d^_^  =  d,  =  0.181  (opposite  ''5,"  under  ''5  %,"  Table 

E), 
0''  +  M"  =  2000. 


Hence 

2000 

^        1500 
Ca  =  — — 


[(10000-0)(.0795)  +  10000(.05)  +  1500]+0(.181)-2000 


0.181  +  0.05 
1.333(795  +  500  +  1500)  -  2000 
0.231 

$7474.74.     Answer. 
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The  reader  will  notice  that  the  Gillette  formula  takes  account 
of  all  elements  of  cost  of  service,  but  does  not  recognize  earnings. 

Solution  by  Equal  Profit  Ratios  Formula. — This  formula  (Eq. 

1706e)is  

Ca  =  Vm  +  g^  -  g 
where  (Eq.  1706f) 

g  =  (y2>AW  -  {0'  +  M')  -  C{dA  -  dL-A  +  r'  -  r")], 
and  (Eq.  1706g) 

m  =  CzaW  -  (0"+  M")  +  Cj.dj..A\ 
In  this  example 

L  =  10,   A  =  5, 
zj,  =  z^  =  5.526  (opposite  ''5,'^  under  ''5%,"  Table  C), 
e'  =  3000, 

0'  ^M'    =  1000, 
C  =  10,000, 

dA  =  dL-A  =  dr,  =  0.181    (opposite    "5,"    under    ''5 

%r  Table  E), 
r'  =  r"  =  0.05, 

e"  =  6000, 

0"  +  ilf "  =  2000, 
Cl  =  zero. 

Therefore 

g  =  (i^)(5.526)[3000-1000-10,000(0.181-0.1810+.05-0.05)] 

=  5526; 
9f2  =  30,536,676 

m  =  10,000(5.526) [6000  -  2000  +  0(0.181)]  =  221,040,000 


w  +  fif'  =  251,576,676 

Vm  +  g^=    15,861.17, 
g    =      5,526.00, 


and  Ca   =  $10,335.17.     Answer. 

It  is  observable  that  the  equal  profit  ratios  formula  takes 
account  of  the  earnings  as  well  as  of  all  the  elements  of  cost  of 
service.     The  output  enters  only  indirectly — through  the  earnings. 

It  may  be  interesting  to  see  what  will  be  the  ratio  of  yearly 
profit  to  investment  for  the  seller  and  for  the  buyer  for  the  salvage 
value  computed  by  each  of  the  five  formulas  above.  For  the 
seller  the  yearly  cost  of  service  is 

13 
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yA  =  (C  -  C^)dA  +  Cr'  +  0'  +  M\ 
and  the  ratio  of  yearly  profit,  6',  to  investment,  C,  will  be  (Eq. 
1706a) 

6VC  =  (6'  -  y^)/C 
where  e'  =  seller's  yearly  earnings. 

For  the  buyer,  the  yearly  cost  of  service  will  be 

Vl-a  =  (Ca  -  CL)dj.^j,  +  Cy'  +  0"  +  M", 
and  the  ratio  of  his  yearly  profit,  h",  to  his  investment,  Ca,  will  be 

h"/CA  =  ifi"  -  yL-A)/CA, 
where  e"  =  buyer's  yearly  earnings. 

When  the  salvage  value  is   computed   by  the   straight-line 
formula 

2/A  =  (10,000  -  5000)  (0.181)  +  10,000(0.05)  +  1000 
=  2405, 
and  the  profit  ratio  for  the  seller  is 

h'/C  =  {e'  -  y^lC  =  (3000  -  2405)/10,000 
=  5.95%. 
Likewise 

2/z,-A  =  (5000  -  0)  (0.181)  +  5000(0.05)  +  2000 
=  3155, 
and  the  profit  ratio  for  the  buyer  is 

h"IC  A=  {e"  -  Vl-a) /C A  =  (6000  -  3155) /5000 
=  56.9%. 
In  the  same  way  the  profit  ratios  have  been  computed  for  each 
of  the  salvage  values  found  by  means  of  the  four  other  formulas 

Table  1707. — Yearly  Profit  Ratios  Resulting  from  Salvage  Values 
Computed  by  Five  Different  Formulas  for  Example  1 


Formula 

Salvage  value  at 
age  5  yr. 

Ratio  of  yeg 
investmei 

Seller, 
per  cent 

irly  profit  to 
it,  for  the 

Buyer, 
per  cent 

Straicht-line                   

$5000.00 

5606.83 

10.00 

7474.74 

10335.17 

5.95 

7.05 

-3.08 

10.4 

15.61 

56.9 

Sinking-fund 

48.2 

Matheson 

39,976.9 

Gillette                     

30.4 

Eaual  profit  ratios      

15.61 
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above.     All  the  salvage  values  and  corresponding  profit  ratios 
are  given  in  Table  1707. 

It  must  be  borne  in  mind  that  the  profit  ratios  given  in  the 
table  above  are  for  the  particular  case  stated  at  the  beginning 
of  this  section;  and  that  were  the  data  of  the  example  changed 
throughout^  the  ratios  would  be  changed. 


Example  2 

1708.  Let  us  apply  each  of  the  same  five  formulas  in  turn 
to  the  following  case: 

Example  2. — The  data  of  this  example  are  as  follows: 


First  cost $75 

Life 10  yr. 

Salvage  value  at  end  of  life $5 

Interest  on  capital 5% 

Interest  on  amortization  fund 4% 

Yearly  cost  of  operation  and  maintenance. . .  $10 

Yearly  output  (units  of  service) 300 

Yearly  earnings  (from  sale  of  service) $30 


By  means  of  each  of  the  five  formulas  used  in  Example  1  above, 
the  salvage  value  of  the  present  example  was  computed  for  each 
age,  1  yr.,  2  yr.,  and  so  on,  up  to  10  yr.  (The  computa- 
tions, being  similar  to  those  of  Example  1  above,  are  omitted.) 
The  results  for  each  formula  were  then  plotted  (Fig.  1708)  using 
years  for  abscissas  and  the  corresponding  salvage  values  as 
ordinates.  The  plotted  points  were  then  connected  by  lines  as 
shown.  Thus  from  the  Matheson  curve,  for  example,  the  salvage 
value  of  the  structure  for  which  data  are  given  above,  at  age  5 
yr.,  is  about  26  %  of  the  first  cost. 

It  should  be  remembered  that  the  curves  of  Fig.  1708  result  from 
the  data  of  this  particular  example.  Were  we  to  change  the 
salvage  value  at  end  of  life  from  $5  to  zero,  or  any  other  value,  all 
five  curves  would  be  changed.  If,  however,  we  should  change 
only  the  earnings,  only  one  of  the  curves — that  for  equal  profit 
ratios — would  be  changed. 
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For  this  example  the  profit  ratios  (Table  1708)  have  been  com- 
puted on  the  basis  of  salvage  value  at  age  6  yr.,  by  the  method 
illustrated  in  Example  1. 


4  5  s 

A=Age  in  Years 

Fig.  1708. — Depreciation  formulas  compared  by  application  to  a  particular 

case. 

Table    1708. — Yearly    Profit   Ratios    Resulting    from    Salvage 
Values  Computed  by  Five  Different  Formulas  for  Example  2 


TTrkTmiilQ 

Salvage  value  at 
age  6  yr. 

Ratio  of  yearly  profit  to 
investment,  for  the 

Seller, 
per  cent 

Buyer, 
per  cent 

Straight-line 

$33.00 
36.32 
14.80 
37.69 
47.42 

13.2 
13.9 
9.6 
14.2 
16.1 

35.7 

Sinking-fund 

29.8 

Matheson. 

114.5 

Gillette 

27.8 

Equal  profit  ratios 

16.1 

VALUATION 
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Example  3 

1709.  Now  apply  the  five  formulas  to  the  following  data. 
Example  3. — This  example  is  the  same  as  Example  2,  above, 
except  that  this  has  not  uniform  output  and  earnings. 

First  cost $75 

Life lOyr 

Salvage  value  at  end  of  life $5 

Interest  on  capital 5% 

Interest  on  amortization  funds 4% 

Yearly  cost  of  operation  and  maintenance. . .  $10 
Yearly  output  (units  of  service) : 

During  the  first  6  yr 100 

During  the  last  4  yr 500 

Yearly  earnings  (from  sale  of  service) : 

During  the  first  6  yr $10 

During  the  last  4  yr $50 

For  the  data  of  this  example  the  salvage  values  computed  by 
the  five  formulas  used  in  Example  1,  together  with  the  corre- 
sponding profit  ratios,  are  given  in  Table  1709. 

Table  1709. — Yearly  Profit  Ratios  Resulting  from  Salvage  Values 
Computed  by  Five  Different  Formulas  for  Example  3 


Salvage  value  at 
age  6  yr. 

Ratio  of  yearly  profits  to 
investment,  for  the 

Formula 

Seller, 
per  cent 

Buyer, 
per  cent 

Straight-line 

$  33.00 

36.32 

14.80 

101.00 

123.59 

-13.5 

-12.8 

-17.1 

0.2 

4.8 

96.2 

Sinking-fund               

84.8 

Matheson 

Gillette 

250.0 
12.2 

Equal  profit  ratios 

4.8 

It  will  be  noticed  that  the  salvage  values  above  for  the  first 
three  formulas  are  the  same  as  for  the  same  formulas  in  the  pre- 
ceding example. 

Remarks 

1710.  For  reasons  given  in  §1706,  the  equal  profits  ratio 
formula  is  beheved  to  be  based  directly  on  the  correct  principle 
underlying  all  logical  derivations  of  salvage  value,  and  is  ex- 
pressed in  general  terms.  As  is  shown  in  §1706,  this  formula 
reduces  to  the  Gillette  formula  if  two  assumptions  are  made. 
Furthermore,    as    was  shown  in   §1705,   the  straight-line  and 
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sinking-fund  formulas  are  two  ^orms  to  which  the  Gillette  formula 
reduces  for  certain  special  conditions.  It  follows  that  these  four 
formulas — equal  profit  ratios,  Gillette,  sinking-fund,  and  straight- 
line — have  the  same  rational  basis,  and  differ  from  one  another 
only  in  the  number  of  special  assumptions  which  must  be  made. 
The  equal  profit  ratios  formula  is  the  most  general,  and  the 
straight-line  the  least.  If  the  principle  underlying  the  equal 
profit  ratios  formula  be  accepted  as  fair,  logically  the  salvage 
values  computed  by  this  formula  must  be  accepted  as  fair;  and 
the  salvage  values  computed  by  the  Gillette,  sinking-fund,  and 
straight-line  formulas  must  be  accepted  as  fair  when,  and  only 
when,  the  special  conditions  described  in  §§1705  and  1706  can  be 
assumed  to  hold. 

The  Matheson  formula  is  based  on  the  idea  that  yearly  depre- 
ciation grows  less  and  less  as  the  age  of  the  structure  increases. 
This  is  the  law  of  second-hand  market  price,  which  usually  takes 
the  greatest  drop  during  the  first  year  of  life  of  structure,  and 
drops  less  and  less,  year  by  year,  thereafter.  Hence  this  formula 
may  be  useful  in  predicting  second-hand  market  price.  But,  as 
before  noted,  second-hand  market  price  is  greatly  depressed, 
especially  for  structures  nearly  new,  by  the  factor  of  suspicion. 
Since  this  factor  is  non-existent  in  cases  where  salvage  value  is 
determined  by  a  disinterested  party,  the  use  of  the  Matheson 
formula  is  not  justified  for  such  determination. 

The  new  formula,  called  equal  profit  ratios  formula,  is  thus 
shown  to  furnish  the  most  general  solution  of  the  problem  of 
salvage  value.  It  is  important,  however,  that  we  bear  in  mind 
the  fact  that  no  formula  can  take  into  account  all  the  conditions  and 
circumstances  which  may  have  legitimate  influence  on  the  salvage 
value  of  a  structure;  and  that,  accordingly,  the  salvage  value  com- 
puted for  any  case  by  this  formula  must  be  used  with  judgment; 
that  is,  must  be  considered  in  connection  with  all  such  pertinent 
factors  as  are  not  represented  in  the  formula.  In  other  words, 
the  computed  salvage  value  must  be  considered  coordinately  with 
all  irreducible  data.  The  formula  assumes  that  all  financial  and 
engineering  plans  for  the  creation  and  operation  of  the  structure 
have  been  made  and  carried  out  with  reasonable  intelligence  and 
absolute  honesty  and  good  faith.  It  is  the  duty  of  the  appraiser  to 
eliminate  from  the  data  the  effects  of  any  fraud  or  incompetence 
on  the  part  of  the  promoters,  constructors,  or  operators,  before 
applying  the  formula. 


CHAPTER  XVIII 

ERRORS  IN  ESTIMATING 

SIMPLE  AND  COMPOUND  ESTIMATES 

1801.  When  we  estimate  the  area  of  a  field  by  simply  looking 
at  it  and  without  consciously  estimating  dimensions,  the  result 
is  a  simple  estimate  of  the  area.  But  if  we  estimate  the  length 
or  breadth  or  both,  and  obtain  the  area  by  taking  the  product  of 
the  dimensions,  the  result  is  a  compound  estimate  of  the  area.  A 
compound  estimate  is  a  quantity  derived  from  one  br  more 
quantities  which  have  been  estimated. 

Let  A  be  the  actual,  and  a  the  estimated  value  of  a  quantity; 
let  e  be  the  absolute  and  r  the  relative  error  of  a.  Then  the 
absolute  error  is 

e  =  a  —  A; 

and  the  relative  error  is 

r  =  (a-  A)/ A  =  e/A; 
or,  approximately, 

r  =  e'/a. 

Example. — A  distance  iy  estimated  to  be  250  ft.  Later  it  is  found, 
by  careful  measurement  that  the  distance  is  263.2  ft.  What  is  the  abso- 
lute error  of  the  estimate?  What  is  the  relative  error?  The  absolute 
error  is  e  =  a  -  A  =  250  -  263.2  =  -13.2  ft.  The  relative  error  is 
r  =  e/A  =  -13.2/263.2  =  -0.0502;  or  approximately,  r  =  e/a  = 
—  13.2/250  =  —0.0528.  For  all  practical  purposes  the  approximate 
relative  error  is  as  serviceable  as  the  actual.  In  fact,  in  this  case  it 
would  be  just  as  well  to  say  ''the  relative  error  is  minus  5%." 

1802.  The  engineer  is  not  satisfied  to  accept  an  estimate, 
whether  made  by  himself  or  another,  without  knowing  something 
of  its  quality.  He  wants  to  know  about  how  far  the  true  value 
may  lie  to  one  side  or  the  other  of  the  estimate.  He  wants  to 
know  the  limit  of  error. 

Until  we  obtain  the  true  value  of  a  quantity  of  which  we  have 
an  estimate,  we  must  look  to  past  experience  for  information 
concerning  the  limit  of  error  in  the  estimate. 
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A  man  can  acquire,  in  a  few  years,  from  those  comparisons  of  esti- 
mated and  measured  quantities  which  are  thrust  upon  him,  a  fair  knowl- 
edge of  the  Hmit  of  error  in  his  estimate  of  a  given  kind  of  quantity 
under  given  conditions;  but  he  can  acquire  the  same  knowledge  in  a 


Table   1802. — Formulas  for  Limits   of  Absolute   and  Relative 
Errors  of  Compound  Estimates 
Notation : 

ai,  a2,  .    .   .  ,  an  =  estimated  values  of  quantities; 

ei,  62,    .    .    .   ,  en  =  limits  of  absolute  error  in  ai,  ai,   .    .    .   ,  an', 

ri,  r2,    .    .    .   ,  r„  =  limits  of  relative  error  in  ai,  a^,   .    .    .   ,  an. 


Compound  estimate 
formed  by 


Limit  of  absolute 
error 


Limit  of  relative  error 


Addition : 

Ol    +  02   + 


+  a„ 


ei  -\-  6-2+  .    .    .  +  e« 


±  (ei  +62  + 


+  en) 


or. 


01-1-02+.      . 

Oiri  -I-  02r2  -H 


+  an 

.      .    +  OnTn 


oi  +  02  +  .    .    .  -f-  o„ 


Subtraction ; 

ai  —  a2 


Multiplication : 
ora2'   .    .    .   'an 


Division : 


+  (ei  -h  62) 


,    ei  +  e-i  aiTi  +  a2ri 


Ol    —   02 


Oi  — a2 


±[(ei/ai)  +  (62/02)  +    .    .    . 
+  (e„/o„)]   .    .    .    (approx.) 
or, 
±  (rx  +  rz  +   .    .    .    +  r„)  .    .    . 
(approx.) 


ai/a2 

±[(ei/oi)  +  (62/02)]    .    .    . 

(approx.) 
or, 
±(ri  +  r2)   .    .    .    (approx.) 

Involution : 

±  {el  a)  In.  ..(approx.) 
or, 
±r/n (approx.) 

Evolution : 

±n(e/a).  . .  .  (approx.) 
or, 
±nr (approx.) 
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much  shorter  time  if  he  will  take  the  extra  trouble  of  estimating  every 
quantity  which  he  is  about  to  measure,  and  noting  the  sign  and  amount 
of  the  error  discovered  by  the  measurement. 

The  limits  of  error  in  a  compound  estimate  will  depend  of 
course  on  the  limits  of  error  of  the  component  simple  estimates. 
In  Table  1802  will  be  found  formulas  for  calculating  the  limit  of 
error  in  a  compound  estimate  obtained  by  addition,  subtraction, 
multiplication,  division,  involution,  or  evolution. 

COMPENSATION  OF  ERRORS 

1803.  An  estimate  may  be  wide  of  the  truth  because  of  some 
blunder  or  bias;  or  because  of  some  illusion,  of  which  latter  the 
following  is  a  familiar  and  typical  example:  The  road  running 
before  us  slopes  upward  toward  the  foot  of  the  mountain,  but 
appears  to  be  level  or  even  to  slope  downward.  All  estimates 
of  slope  of  such  a  road  by  men  looking  along  it  toward  the  moun- 
tain will  be  in  error  with  the  same  sign.  But  passing  beyond 
all  such  cases,  experience  has  shown  that  in  the  long  run  (1) 
positive  and  negative  errors  occur  with  equal  frequency;  and  (2) 
larger  errors  occur  less  frequently  than  smaller  ones.  For  exam- 
ple, let  the  probability  be  3^  that  a  simple  estimate  will  be  in 
error  by  more  than  a  given  percentage  of  the  limiting  error ;  then 
the  probability  that  the  errors  in  two  simple  estimates  will  each 
be  greater  than  the  given  percentage  of  the  limiting  error  is  3^; 
and  that  the  two  errors  will  also  be  of  like  sign  is  3^ ;  the  proba- 
bility that  the  error  in  each  of  three  estimates  will  be  of  like 
sign  and  greater  than  the  given  percentage  of  the  limiting  error 
is  3^-32;  and  so  on. 

Thus  we  see  that,  while  error  in  a  simple  estimate  may  be  very 
small  and  is  more  likely  to  be  small  than  large,  the  probability  of 
its  being  near  the  limit  is  great  enough  to  make  it  prudent  to  be 
prepared  to  find  it  there;  but,  due  to  the  neutralizing  effect  of  posi- 
tive and  negative  errors — that  is,  due  to  the  law  of  compensation 
of  errors — the  probability  that  the  error  in  a  compound  estimate 
is  near  its  limiting  size  grows  rapidly  less  as  the  number  of  simple 
estimates  which  enter  therein  is  increased. 

Thus  where  a  compound  estimate  is  the  resultant  of  numerous 
simple  estimates,  its  limit  of  error  lies  in  the  land  of  the  improb- 
able, and  the  probable ^  error  is  likely  to  be  more  serviceable. 

^  The  probable  error  of  an  estimated  quantity  is  such  that  the  chance  of 
its  exceeding  the  actual  error  is  equal  to  the  chance  of  its  being  smaller  than 
the  actual  error. 
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Formulas  for  probable  error  of  a  compound  estimate,  in  terms 
of  the  probable  errors  of  the  component  estimates,  are  given  in 
Table  1803. 

Table  1803. — Formulas  for  Probable  Errors  in  Compound  Estimates 
Notation : 

ai,  a2,  .   .    .  ,  On  =  estimated  values  of  quantities; 

pi,  p2,  .    .    ■  ,  Vn  =  the  probable  errors  of  ai,  a2,   .    .    .   ,  <Xn,  respectively. 


Compound  estimate  formed  by 


Probable  error  of  the  compound 
estimate 


Addition : 

ai  +  02  +   .    . 

+ 

an 

(Pl^   +  P22    +     .      .      .      +   Pn^y^'' 

Subtraction : 

Oi    —   02 

{Pi'   +  P2'y^ 

Multiplication : 

Oi    X  02 

(o:2p22  +  a^^px^y^ 

Division: 

ai/o2 

(l/022)(OiW+02Vl')^^ 

Involution : 

oV* 

(pi/n)oi(i-"^/« 

Evolution: 
o" 

npiOi^-1 

Any  combination  of  estimated  quan- 
tities: 

A   =  /(Oi,  02,    .    .    .    ,  o„) 

P  =  [idA/da,rpi'  +  (dA/da2rp2'  + 

.      .      .      +    (dA/dan)'Pn'f^ 

1804.  The  practical  conclusion  to  be  drawn  from  the  facts 
presented  above  is  this:  A  compound  estimate  of  a  whole,  formed 
by  summing  the  estimates  of  the  parts,  is  more  reliable  than  a 
simple  estimate  of  the  whole,  provided  of  course  that  the  estima- 
tor has  the  same  knowledge  of  parts  as  he  has  of  the  whole. 

And  from  this  principle  follows  another: 

The  greater  the  number  of  parts  into  which  a  whole  is  divided 
for  the  purpose  of  estimate,  the  greater  is  the  reliability  of  the 
compound  estimate  of  the  whole. 

But  the  compensation  of  errors  is  not  the  only,  and  under 
some  conditions  may' be  the  least,  advantage  which  comes  from 
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estimating  a  whole  by  parts.  When  the  estimator  divides  a 
whole  into  parts  for  the  purposes  of  estimate,  the  lines  are  drawn, 
consciously  or  unconsciously,  in  such  a  way  as  to  permit  his 
taking  all  possible  advantage  of  whatever  special  skill  he  may 
have  in  estimating  certain  kinds  of  quantities.  For  example,  in 
the  case  of  a  house  the  estimator,  if  a  mason,  will  probably  part 
the  masonry  from  the  rest  whether  he  subdivides  the  rest  or  not ; 
if  a  plumber,  segregate  the  plumbing;  and  so  on. 

Let  the  whole  be  divided  into  unlike  parts.  Let  each  part  be 
estimated  in  subdivisions  by  an.  estimator  who  is  specially  quali- 
fied to  estimate  that  part.  Add  together  all  the  estimates. 
This  is  the  rule  for  making  the  most  reliable  estimate  of  the 
whole. 

ERROR  IN  FORECASTING  FUTURE  COST 

1805.  None  but  a  gambler  would  contract  now,  either  as 
builder  or  owner,  for  the  erection  of  a  structure  say  20  yr. 
hence,  at  a  price  estimated  now.  And  our  present  estimate  of 
the  cost  of  a  structure  grows  less  and  less  reliable  as  the  date  of 
erecting  the  structure  is  advanced  on  the  calendar.  An  engineer 
would  count  as  unprofitable  the  time  spent  in  predicting  the  cost 
of  a  building  to  be  erected  50,  or  100  yr.  in  the  future.  In 
fact  he  does  not  undertake  such  prediction,  but  instead,  when 
he  has  occasion  to  use  the  cost  of  a  structure  to  be  built  in  the 
distant  future,  as  when  he  is  considering  the  cost  of  a  renewal, 
he  unblushingly  assumes  that  the  cost  of  each  renewal  will  be 
the  same  as  the  estimated  cost  of  the  proposed  original  structure. 
This  practice  he  can  justify  on  the  ground  that  no  other  one  figure 
for  a  renewal  can  be  shown  to  have  a  greater  probability  than 
the  figure  for  the  original  cost,  and  the  adoption  of  the  latter 
figure  involves  a  minimum  of  effort. 

The  student  may  well  ask:  If  so  uncertain  a  figure  for  future 
cost  must  be  combined  with  the  estimated  cost  for  the  near  future 
in  calculations  for  investment  choice,  why  take  any  extra  trouble 
to  make  the  estimate  of  cost  of  the  proposed  original  structure 
closely  approximate?  This  practice  of  using  a  closely  approxi- 
mate figure  in  combination  with  a  very  uncertain  figure  is  not 
as  inconsistent  as  at  first  glance  it  appears  to  be,  as  will  now  be 
shown. 

In  the  first  place,  the  present  effect  of  the  error,  whatever  it 
may  be,  in  a  forecast  of  cost  for  a  given  date,  is  the  present  worth 
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of  that  error.  And  the  fact  that  the  more  advanced  the  date  the 
larger  is  likely  to  be  the  error  in  the  forecast  is  fairly  offset  by 
another  fact,  namely,  that  the  more  advanced  the  date  the  smaller 
is  the  present  effect  of  the  error. 

In  the  second  place,  the  engineer's  estimates  of  future  costs 
are  almost  always  made  for  the  purpose  of  comparison:  he 
compares  one  time-series  of  costs  with  another  time-series  of  costs. 
Now  as  wages  and  prices  tend  generally  to  fluctuate  together — 
to  go  up  together  and  come  down  together — the  estimated  costs 
of  two  future  structures  are  likely  both  to  be  in  error  by  the  same 
sign — both  too  high  or  both  too  low — and  the  error  in  the  differ- 
ence between  these  erroneous  costs  is  likely  to  be  less  than  the 
error  in  either  cost.  And  finally,  whatever  residual  error  there 
may  be  in  the  difference  between  two  estimated  costs,  the  ratio 
between  the  present  effect  of  that  residual  error  and  the  residual 
error  itself  grows  rapidly  less,  as  we  have  seen,  as  the  date  of  the 
costs  is  advanced  on  the  calendar. 

To  illustrate :  We  estimate  that  it  will  cost  X  dollars  to  build  a  speci- 
fied structure  10  yr.  hence,  Y  dollars  to  build  a  like  structure  40  yr. 
hence,  and  Z  dollars  100  yr.  hence.  Suppose  X,  Y,  and  Z  are  each  wide 
of  the  mark  by  the  same  sum,  $1000.  Our  present  concern  with  the 
error  in  X,  if  money  is  worth  4%  compounded  annually,  is  $675.60  (1000 


Years 


Present  worth     0 
structure  A : 

$1000  $1000 

456 

208 


10 


20 


$1000 


30 


40 


$1000 


$1664       Present  worth  of  series  A 
Structure  B : 

$1500  $1500 

462  $1500 


50 


60 

(Original) 
(1st   renewal) 
(2nd  renewal) 


(Original) 
(Renewal) 


$1962       Present  worth  of  series  B 

$1664       Present  worth  of  series  A  (brought  down) 


$  298  =  Present  difference  (on  basis  of  assumed  uniform  costs) 


Fig.  1805a. — Time   schedule   showing  two   assumed   series  of  structure   costs. 
(Contrast  with  Fig.  1805b.) 
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times  the  present  worth  of  $1  due  10  yr.  hence);  with  the  error  in  Y  as 
Uttle  as  $208.30;  and  with  the  error  in  Z,  only  $19.80. 

Consider  also  the  following  case:  It  is  estimated  that  of  two  struc- 
tures proposed  for  a  60  yr.  service,  structure  A  will  cost  $1000  and  last 
20  yr.,  and  structure  B  will  cost  $1500  and  last  30  yr.  A  would  require 
two  renewals  in  the  60  yr.,  and  B  one  renewal. 

First,  let  us  assume,  as  in  practice,  that  each  renewal  cost  will  be  the 
same  as  the  corresponding  original  cost,  as  indicated  on  the  time  sched- 
ule, Fig.  1805a;  and  compare  the  two  series  of  costs  by  comparing  their 
present  worths  calculated  for  the  date  of  the  original  cost. 

Second,  let  us  suppose  that  costs  will  actually  rise  at  a  uniform  rate 
from  the  twentieth  year  to  the  fortieth,  becoming  double  on  the  latter 
date.  The  corresponding  correct  values  of  the  A  and  B  series  are  then 
as  shown  on  the  time  schedule,  Fig.  1805b. 


Years 


Present  worth      0 
structure  A : 

$1000  $1000 

456 

417 


10 


20 


$1000 


30 


40 


$2000 


50 


60 

(Original  cost) 
(1st  renewal) 
(2nd  renewal) 


$1873     Present  worth  of  series  A 
Structure  B : 

$1500  $1500 

694 


$2250 


$2194       Present  worth  of  series  B 
1873       Present  worth  of  series  A  (brought  down) 


(Original) 
(Renewal) 


$  321  =  Present  difference  (on  basis  of  actual  rising  costs) 

Fig.   1805b. — Time    schedule    showing    two    actual    series    of    structure    costs. 
(Compare  with  Fig.  1805a.) 


On  examining  the  two  schedules  (Figs.  1805a,  1805b)  we  note  the 
following:  (1)  Assuming  uniform  costs  results  in  an  error  of  (20(X)  — 
1000  =)  $1000  in  the  cost  of  the  second  renewal  of  A;  but  the  present 
effect  of  that  error  is  only  (417  -208  = )  $209.  (2)  Likewise  in  the  case  of 
B :  the  assumption  of  uniform  costs  results  in  an  error  of  (2250  —  1500 
=  )  $750  in  the  cost  of  renewal;  but  the  present  effect  of  the  error  is 
only  (694  —  462  =)  $232.  (3)  On  the  assumption  of  uniform  costs: 
the  present  worth  of  the  A  series  is  only  (1873  -  1664  =)  $209,  or  100 
(^^KsTs)  =  11%  too  small;  and  the  present  worth  of  the  B  series  is 
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only  (2194  -  1962  =)  $232,  or  100(232^194)  =  10%+  too  small. 
(4)  Finally  the  assumption  that  the  costs  are  uniform  over  the  whole  time 
results  in  a  difference  between  the  present  worths  of  the  A  and  B  series 
that  is  only  (321  -  298  =)  $23,  or  100(2^^2i)  =  7%+  too  small. 
Thus  the  original  errors — 50%  in  the  cost  of  renewal  of  A  and  SS}i% 
in  the  cost  of  renewal  of  B — arising  from  the  assumption  of  constant 
costs  over  the  period,  result  in  an  error  of  only  7%+  in  the  difference 
between  the  present  worths  of  the  A  and  B  series.  Now  it  is  important 
to  note  that  this  resulting  7%+  or  $23  error  in  this  difference  is  no 
more  than  would  arise  from  an  error  of  100(2^fooo)  =  2.3%  in  the 
estimate  of  first  cost  of  A,  or  from  an  error  of  100 (2^500)  =  1.5%  in 
the  estimate  of  first  cost  of  B;  and  an  error  of  1.5%,  or  of  even  2.3%, 
in  an  estimate  of  first  cost,  is  a  small  error  for  even  a  very  carefully 
prepared  estimate. 


CHAPTER  XIX 

ENGINEERING  REPORTS 

Report  [verb]  =  To  bear  or  bring  back  as  an  answer;  relate,  as  what 
has  been  discovered  by  a  person  sent  to  examine,  explore,  or  investigate 
....  Report  [noun]  =  .  .  .  ;  a  statement  or  relation  of  facts 
given  in  reply  to  inquiry,  or  by  a  person  authorized  to  examine  and  bring 
or  send  information. — Century  Dictionary. 

INTRODUCTION 

1901.  The  purpose  of  this  chapter  is  to  help  the  young  engineer 
to  write  a  report. 

1902.  The  all-controlling  fact  to  be  born  in  mind  when  con- 
structing a  report  is  this:  A  report  is  an  answer  to  a  question,  or 
consists  of  a  series  of  answers  corresponding  to  a  series  of 
questions. 

Any  misgivings  that  may  arise  in  the  student's  mind  as  to  his  ability 
to  construct  a  report  are  attributable,  I  think,  to  his  having  the  notion 
that  he  is  entering  upon  work  entirely  beyond  his  experience. 

That  such  a  notion  is  altogether  mistaken  should  become  clear  to  him 
when  he  has  laid  a  firm  grip  on  the  cardinal  fact  that  a  report  is  an  answer 
to  a  question,  and  when  he  recalls  the  further  fact  that  all  his  life  a  great 
part  of  his  talking  and  writing  has  been  given  to  aswering  questions, 
actual  or  impHed.  It  is  only  necessary  for  him  to  fully  appreciate  this 
fact  to  turn  misgivings  into  confidence. 

I  have  known  very  intelHgent  students  who  have,  until  rightly  ques- 
tioned, considered  the  chief  characteristics  of  an  engineering  report 
to  be  that  it  is  about  8  in.  wide,  13  in.  top  to  bottom,  from  5  to 
50  pages  thick,  and  constructed  by  some  process  known  only  to  the 
eminent  engineer. 

1903.  On  countless  occasions  the  reader,  as  answerer,  has 
fitted  answer  to  question,  and  on  other  countless  occasions,  as 
questioner,  has  received  answer  to  question ;  and  in  so  doing  has 
necessarily  acquired  skill  that  is  great  in  itself,  though  it  may  be 
relatively  little  compared  with  the  corresponding  skill  of  another 
person. 
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From  the  reader's  own  experience,  then,  he  ought  to  be  able  to 
extract  some  general  principles  of  the  formation  of  reports,  which, 
as  pointed  out  above,  are  answers.  At  any  rate  he  can  readily 
test  the  following  statements  by  reference  to  his  own  experience. 

1904.  An  answer  in  its  essence  may  be  good,  bad,  or  indifferent; 
but  with  this  we  are  not  here  concerned. 

The  answer  first  exists  in  the  answerer's  mind  as  an  idea  or  a 
group  of  related  ideas. 

Giving  the  answer  consists  in  transferring  the  idea  or  group 
of  ideas  from  the  mind  of  the  answerer  to  the  mind  of  the  ques- 
tioner. (In  this  chapter  we  are  interested  not  in  the  essence  of 
the  answer  but  in  the  mechanics  of  giving  the  answer.) 

1905.  Mark  this  axiom:  The  perfect  method  of  giving  an 
answer  is  that  which  (1)  permits  the  transfer  of  the  idea  or  group 
of  related  ideas  from  the  mind  of  the  answerer  to  the  mind  of  the 
questioner  with  the  least  loss  of  vividness  and  proportion,  and  (2) 
permits  the  transfer  to  be  effected  with  minimum  effort  on  the 
part  of  the  questioner. 

1906.  The  amount  of  detail  required  to  make  an  adequate 
answer  depends  upon  circumstances. 

Suppose  my  employer  directs  me  to  find  out  if  Mr.  Smith  will  call  on 
him  tomorrow  morning  at  10  o'clock.  I  find  out  in  a  moment;  and, 
observing  that  my  employer  has  been  waiting  for  the  answer,  I  report 
"He  will."     This  is  a  perfect  report. 

Again,  suppose  that,  receiving  the  same  direction  as  before,  it  is  an 
hour  before  I  can  get  an  answer  to  the  question,  and  during  that  time 
my  employer  gives  his  attention  to  various  persons  and  matters.  Soon 
after  getting  the  answer,  I  report  to  my  employer  "Mr.  Smith  will  call 
at  10  o'clock  tomorrow."     This  is  a  satisfactory  report. 

Now,  if  not  only  the  question,  but  also  the  idea  in  the  answer,  is  pre- 
cisely the  same  in  the  one  case  as  in  the  other,  and  if  the  report,  "He 
will,"  is  satisfactory  in  the  first  case,  why  will  the  report,  "He  will," 
not  be  satisfactory  in  the  second  case?  And  why  will  not  the  report, 
"Mr.  Smith  will  call  at  10  o'clock  tomorrow  morning,"  be  satisfactory 
in  the  first  case  if  it  is  satisfactory  in  the  second?  In  the  first  case 
I  know  that  my  employer,  when  I  am  about  to  report,  holds 
the  question  clearly  in  his  mind;  the  report,  "He  will,"  is  therefore 
adequate;  and  any  additional  words  would  be  superfluous.  To  report 
in  this  case  "Mr.  Smith  will  call  at  10  o'clock  tomorrow"  would  not  only 
waste  words  but  would  have  a  tendency  by  its  fullness  to  give  a  first 
impression  to  the  effect  that  the  answer  was  not  affirmative.  In  the 
second  case,  where  the  employer's  mind  has  been  busy  with  other 
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matters,  to  report  "He  will"  would  be  likely  to  do  no  more  than  cause 
him  to  drop  his  jaw  and  raise  his  eyes  and  say,  at  least  to  himself, 
''Who  will  what?" 

In  these  two  examples  we  have  a  clear  illustration  of  the  fact  that 
though  in  two  cases  the  question  may  be  precisely  the  same  and  the 
answers  may  be  precisely  the  same  in  essence,  a  difference  in  circum- 
stances in  the  two  cases  may  require  a  marked  difference  in  the  amount 
of  detail  necessary  to  the  perfect  answer. 

1907.  An  answer  may  be  given  in  writing,  orally,  or  even  by 
gesture. 

1908.  The  gesture  may  be  and  often  is  the  most  efficient  means 
of  conveying  an  answer.  As  ordinarily  used  the  gesture  is 
entirely  adequate,  transfers  the  idea  constituting  the  answer  with- 
out diminution  of  vividness  or  change  of  proportion. 

I  hear  an  automobile  passing  my  house  and  ask  a  child  to  step  to  the 
window  and  see  in  which  direction  it  is  going;  and  the  child,  after  looking 
(and  observing  that  I  am  regarding  him,  and  remembering  that  I  am 
quite  deaf),  jerks  his  thumb  in  the  direction  taken  by  the  automobile. 
The  jerk  of  the  thumb  is  under  the  circumstances  a  perfect  answer,  a 
perfect  report.  Why  is  it  perfect?  Because  it  is  entirely  adequate,  it 
is  precise  and  concise,  and,  under  the  circumstances,  it  is  more  quicklj^ 
more  certainly,  and  more  easily  interpreted  than  a  report  in  any  other 
form  could  possibly  be. 

1909.  The  oral  transfer  of  an  idea  Is  habitually  aided  by  ges- 
ture. The  extent  of  this  aid  becomes  apparent  on  talking  to  an 
unseen  person,  as  a  person  in  the  dark  or  in  the  next  room  or  at 
the  telephone.  Without  the  help  of  gesture  we  struggle  some- 
what to  choose  word  and  phrase  with  greater  care  in  order  to 
effect  the  same  result.  Of  course  in  talking  to  an  unseen  person 
one  is  bothered  also  by  not  being  able  to  read  currently  in  the 
person's  face  the  effect  of  the  talk  to  him  addressed. 

Voice  modulation,  which  with  gesture  aids  in  idea-transfer 
between  persons  face  to  face,  becomes  when  speaking  to  an  unseen 
person  the  sole  aid  given  to  the  bare  words.  The  unnatural 
tones  used  by  many  persons  in  telephoning  are  no  doubt  due  to 
the  effort  to  supply  a  substitute  for  gesture;  and  due  also  to  a 
suspicion  that  the  person  addressed  is  not  hearing  or  is  not  giving 
attention. 

1910.  In  giving  an  answer  in  writing  the  answerer  is  without 
the  aid  of  gesture  or  tone,  and  must  necessarily  give  greater 
care  to  the  choice  of  words  and  phrases  than  when  speaking  if 
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he  would  transfer  his  idea  as  successfully  as  when  speaking.     His 
only  aid  is  such  as  can  be  gained  from  the  printer's  art. 

1911.  Circumstances  control  the  decision  as  to  choice  of  means 
of  communicating  an  answer.  As  remarked  above,  gesture 
frequently  accompanies  oral  delivery;  and  in  many  cases  the 
delivery  of  a  written  answer  is  accompanied  by  brief  oral  epitome. 

1912.  The  purpose  of  this  chapter  is,  as  announced  in  the 
beginning,  to  be  useful  to  the  student  or  engineer  in  writing  his 
first  reports.  The  preceding  discussion  in  this  chapter  has  been 
given  in  the  hope  of  bringing  the  student  to  make  continual  use 
of  his  own  experience  in  fitting  answers  to  questions,  when  com- 
posing a  report  or  discussing  the  construction  of  a  report.  If 
the  foregoing  paragraphs  of  the  chapter  shall  lead  the  student 
to  test  the  reasonableness  of  each  of  the  following  paragraphs 
by  referring  it  to  his  own  experience,  and  to  avoid  altogether  any 
attempt  to  memorize  or  blindly  follow  any  of  the  paragraphs,  the 
foregoing  paragraphs  will  have  justified  their  insertion. 

THE  WRITTEN  REPORT 

1913.  Under  this  head  will  be  given  (1)  certain  general  prin- 
ciples, elaborated  from  the  axiom  of  §1905;  (2)  specifications 
drawn  from  the  general  principles;  and  (3)  a  schedule  of  procedure 
for  preparing  a  report. 

The  general  principles  should  be  well  digested  by  the  student; 
the  specifications  and  the  procedure  should  be  read  first  critically 
as  an  aid  to  appreciating  the  general  principles,  and  later  referred 
to,  when  writing  a  report,  for  such  hints  and  suggestions  as  they 
may  offer. 

General  Principles 

1914.  An  engineer,  on  completing  an  investigation  for  a  client 
(who  of  course  may  be  the  engineer's  official  superior),  prepares 
a  report  on  the  investigation  and  submits  the  report  to  the  client. 

The  primary  purpose  of  the  report  is  to  furnish  the  client  with 
the  result  of  the  investigation — the  answer  to  the  question. 

With  the  result  the  report  must  (1)  present  sufficient  descrip- 
tion of  the  object  of  the  investigation  to  re-establish  the  object 
of  the  investigation — the  question — vividly  in  the  client's  mind; 
and  (2)  give  sufficient  information  regarding  the  conditions  and 
methods  of  the  investigation  (a)  to  enable  the  client  justly  to 
judge  how  well  the  question  has  been  understood  and  how  thor- 
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oughly  investigated  by  the  writer,  and  (h)  also  to  enable  the 
client  to  have  every  step  of  the  original  investigation  intelligently 
checked. 

The  secondary  purpose  of  the  report  is  to  present  information 
pertaining  to  the  investigation  to  others  than  the  client. 

1915.  Whether  the  investigation  is  of  great  importance,  as 
when  made  to  determine  the  best  source  of  water  supply  for  a 
great  city,  or  of  relatively  trifling  importance,  as  when  merely 
to  find  the  approximate  cost  of  a  proposed  culvert,  the  report  of 
the  investigation  (1)  should  contain  all  information  that  probable 
users  of  the  report  will  expect  to  find  in  it,  and  (2)  should  be  so 
written  and  arranged,  in  whole  and  in  each  part,  that  any  prob- 
able user  can  with  minimum  effort  (a)  read  through  understand- 
ingly  such  portions  as  interest  him,  and  (h)  refer  to  the  report  for 
any  desired  particulars. 

1916.  We  cannot  write  a  satisfactory  report  unless  while  writ- 
ing we  bear  continually  in  mind  the  particular  men  or  classes 
of  men  who  will  read  or  consult  the  report. 

What  classes  of  men  will  probably  read  the  report?  Readers  may  be 
classified  according  to  their  interests  in  the  report:  (1)  readers  who, 
interested  in  the  investigation  only  as  a  whole,  want  the  briefest  intelli- 
gible statement  of  the  results;  (2)  readers  who  are  interested  also  in  the 
partial  results  and  in  the  chief  processes  which  produced  them;  (3) 
readers  who  wish  to  look  into  the  smallest  details  that  have  an  effect 
on  the  final  result. 

Any  user  may  belong  to  one  class  at  one  time  and  to  another  at  another 
time  in  considering  the  same  report.  For  example,  the  manager  receiv- 
ing when  pressed  for  time  the  engineer's  report,  of  say  twenty  typed 
pages,  is  in  class  1 ;  but  the  next  day,  with  sufficient  time,  he  steps  into 
class  2  and  reads  connectedly  the  more  important  parts  of  the  body  of 
the  report;  and  a  few  days  later,  perhaps,  he  enters  class  3  by  setting 
another  engineer  to  check  the  calculations  both  in  the  body  of  the  report 
and  in  the  appendices. 

For  the  first  class,  the  briefest  intelligible  abstract  is  sufficient;  for 
the  second,  the  body  of  the  report  is  needed;  for  the  third,  the  body  of 
the  report  and  appendices.  A  further  classification  may  be  made:  (4) 
users  who  read  the  report  as  a  whole;  and  (5)  users  who  refer  to  the  report 
for  details — data,  processes,  or  results. 

For  the  convenience  of  class  5  each  element  of  the  report  must  be  pre- 
sented as  a  distinctly  separate  part  bearing  a  plain  label,  and  the  posi- 
tion of  each  particular  part  with  respect  to  the  others  must  be  correct, 
and,  furthermore,  must  be  indicated  by  either  an  analytical  table  of 
contents  or  an  index,  or  by  both. 
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For  the  convenience  of  class  4,  on  the  other  hand,  the  quaUty  of  con- 
tinuity is  essential.  Both  classes  can  be  satisfied  by  the  same  report 
if  each  important  head  or  sub-head  is  immediately  followed  or  preceded 
by  suitable  connective  words  or  sentences. 

By  way  of  illustrating  the  foregoing  points,  let  us  run  over  the  probable 
users  of  some  report,  say  a  favorable  report  on  a  complete  investigation 
to  determine  the  financial  promise  of  a  proposed  irrigation  system. 
Among  the  probable  users  of  the  report  may  be :  (a)  the  promoter  (class 
1) ;  (6)  the  men  with  whom  the  promoter  seeks  to  form  a  company  (class 
1);  (c)  the  banker  who  is  approached  for  construction  capital  (class  1); 
{d)  the  engineer  employed  by  the  banker  to  give  an  opinion  on  the 
engineering  features  of  the  plan  (classes  2  and  4);  (e)  the  engineer's 
assistants  (class  3) ;  (/)  the  lawyer  employed  by  the  banker  to  pass  on 
the  legal  points  involved  (class  3) ;  {g)  the  expert  on  lands  and  crops  and 
their  irrigation — employed  by  the  banker — (class  3) ;  {h)  the  engineer, 
lawyer,  or  other  expert  who  files  a  copy  of  the  report  for  reference  (class 
5). 

1917.  Besides  the  ideas  which  the  writer  wishes  to  transfer 
from  his  own  mind  to  the  mind  of  his  readers,  the  report  should 
contain  certain  connectives — words,  phrases,  sentences,  para- 
graphs, perhaps  in  extreme  cases  several  paragraphs — inserted 
here  and  there  with  the  sole  purpose  of  making  easy  for  the 
readers  the  transition  from  one  idea  to  another  and  from  one 
group  of  ideas  to  another. 

When  plodding  through  a  report,  as  when  tramping  through  a  dense 
forest,  one  requires  to  know  from  time  to  time  where  he  is  with  respect 
to  the  way  as  a  whole.  To  know  this  he  must  know  where  he  came 
from,  the  road  he  has  traveled,  the  road  he  is  about  to  take,  and  his 
destination.  A  report  is  not  well  written  if  the  writer,  at  each  change 
of  subject,  has  not  flashed  a  light  back  over  the  way  he  has  come  and 
has  not  flashed  another  light  forward  over  the  way  he  is  to  go. 

1918.  The  results  of  an  investigation  constitute  the  answer 
to  a  problem.  In  chap,  ii  it  was  pointed  out  that  to  find  the 
answer  to  a  problem  involved  two  steps:  (1)  analyzing  the  prob- 
lem, and  (2)  solving  the  problem;  and  that  analyzing  a  problem 
consists  in  dividing  and  subdividing  a  problem  into  major  and 
minor  component  problems,  each  complete  in  itself. 

If  follows  therefore  that  the  part  of  a  report  which  deals  with 
any  sub-problem  should  be  constructed  on  the  same  principles 
that  control  the  construction  of  the  report  as  a  whole,  and  should 
similarly  present  the  results,  together  with  the  object,  conditions, 
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and  methods,  of  the  investigation  made  in  finding  the  answer  to 
the  sub-problem. 

It  is  easy  to  go  to  absurd  extremes  in  applying  this  principle;  but  it  is 
not  difficult  to  avoid  doing  so  if  the  writer  will  keep  clearly  in  mind  the 
essentials  of  §§1905  and  1915. 

Specifications  for  a  Report 

1919.  The  following  specifications  undertake  to  bring  the 
axiom  of  §1905  and  the  foregoing  general  principles  to  bear 
on  each  of  the  major  parts  of  a  report.  It  is  particularly  impor- 
tant that  every  statement  in  these  specifications  be  interpreted 
in  the  light  of  the  axiom  and  the  general  principles. 

Since  every  complex  problem  is  composed  of  a  number  of  parts  each 
of  which  is  itself  a  problem,  it  follows  that  each  part  of  a  report  pertain- 
ing to  a  sub-problem  may  be  considered  as  a  sub-report  on  that  sub- 
problem.  Hence,  for  each  sub-problem,  as  for  the  original  problem,  the 
following  specifications  hold. 

1920.  The  statfement  of  the  problem  usually  consists  of  two 
parts,  the  first  of  which  is  a  brief  description  no  longer  than 
necessary  to  make  complete  identification  easy. 

The  statement  of  a  sub-problem  should  be  introduced  by  indicating 
to  the  reader  the  relation  the  sub-problem  bears  to  the  main  problem  or 
to  preceding  or  succeeding  sub-problems.  In  other  words,  the  report 
writer  should  undertake  to  orient  the  reader  as  he  takes  up  a  new  part 
of  the  report. 

1921.  All  pertinent  data  in  hand  at  the  outset  of  the  investiga- 
tion may  constitute  the  second  part  of  the  statement  of  the  prob- 
lem; but  generally  only  major  data  are  included  in  the  statement, 
and  the  details  are  left  to  be  introduced  as  needed. 

Data  may  be  classified  thus:  (1)  data  at  hand,  that  is,  data  taken  over 
as  a  part  of  the  specification  of  the  problem;  (2)  data  from  authority, 
that  is,  data  obtained  from  reading  or  from  consultation;  (3)  assumed 
data;  and  (4)  data  obtained  by  special  investigation  auxiliary  to  the 
main  investigation.  Each  datum,  wherever  introduced  in  the  report, 
should  be  appropriately  labeled  with  its  class,  and  its  source  given. 

Besides  indispensable  data,  which  can  hardly  be  overlooked  in  writing 
the  report,  there  may  be  data  of  a  lower  order — pertinent  though  not 
indispensable — which  may  escape  the  attention  of  the  report  writer. 
Among  such  data  may  be  listed  the  following:  (5)  geographical,  geolog- 
ical, topographical,  meteorological,  poUtical,  historical,  and  sociological 
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data;  (6)  all  facts  bearing  on  the  validity  of  evidence  presented  in  or 
with  the  report,  for  example,  such  evidence  as  certificates,  appended 
sub-reports,  legal  or  other,  mine  samples  and  assays. 

A  part  of  the  work — sometimes  the  most  difficult  part — of  solving 
the  problem  may  consist  (1)  in  determining  what  data,  other  than  those 
in  hand  are  necessary  to  the  solution  and  (2)  in  finding  them. 

Of  course  data  found  in  the  process  of  analyzing  or  solving  the  prob- 
lem would  not  appear  in  the  statement. 

1922.  The  logic  of  the  process  followed  in  passing  from  the 
data  to  the  result — from  question  to  answer — should  be  pre- 
sented, leaving  details  to  appear  in  an  appendix.     (See  §1926.) 

If  the  process  is  expressed  by  formula,  the  formula  should  be  stated 
and  its  notation  explained.  If  the  formula  is  quoted  the  name  of  its 
author  and  the  reference  to  the  publication  from  which  it  was  taken 
should  be  given;  if  original  its  derivation  should  be  presented  in  an 
appendix  to  the  report. 

1923.  If  the  process  includes  two  or  more  coordinate  parts 
the  results  of  these  should  be  recapitulated  in  a  summary. 
The  last  part  of  the  process  then  consists  in  c6mbining  the  data 
of  the  summary  into  one  final  result. 

1924.  Often  the  final  result  of  an  investigation  is  an  opinion 
based  on  premises  consisting  of  both  irreducible  data  and  definite 
calculated  quantities.  The  report  writer  should  present  his 
reasoning  from  premises  to  opinion  in  such  fashion  as  to  leave 
the  reader  who  accepts  the  premises  no  alternative  but  to  accept 
the  opinion. 

There  are  two  good  reasons  why  the  report  writer  should  put  special 
effort  on  the  presentation  of  the  premises,  the  opinion,  and  the  reasoning 
leading  from  the  one  to  the  other.  In  the  first  place,  a  failure  of  his 
best  effort  to  show  a  clear  logical  path  from  premises  to  opinion  is  a 
pretty  fair  indication  that  the  opinion  is  not  to  be  trusted  by  even  him- 
self, and  that,  consequently,  he  should  rebuild  the  opinion  from  the 
premises.  In  the  second  place,  a  perfectly  clear  setting  forth  of  pre- 
mises, logical  reasoning,  and  opinion  gives  not  only  to  the  client  the 
assurance  that  the  opinion  is  sound,  but  also  to  all  readers  of  the  report 
most  effective  notice  of  the  expQctional  value  of  the  services  of  the  man 
who  wrote  it. 

1925.  The  tabular  form  of  statement  should  be  employed,  so 
far  as  practicable,  in  presenting  data,  calculations,  and  results; 
otherwise  the  statement  form.  Quantities  are  hard  to  find  in 
running  text. 
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1926.  Certain  kinds  of  matter,  not  of  interest  to  the  reader  of 
the  report  as  a  whole,  yet  pertinent,  should  be  added  as  appen- 
dices. Placed  in  the  body  of  the  report,  such  matter  is  merely  a 
hindrance  to  the  progress  of  the  reader. 

Among  the  matters  which  are  appropriately  placed  in  appendices  are 
the  following: 

1.  Derivation  of  a  formula. 

2.  Tabulated  quantities  including  data,  calculations,  and  results. 
For  example,  in  solving  a  problem  it  may  be  necessary  to  calculate  the 
volume  of  an  embankment  from  cross-sections.  This  calculation  makes 
a  great  array  of  data  in  groups  exactly  alike;  many  sets  of  calculations, 
all  of  the  same  kind;  and  a  multitude  of  minor  results,  each  in  nature 
like  every  other.  In  such  a  case  the  general  reader  will  care  nothing 
whatever  for  any  details  of  data,  of  calculations,  or  of  results — except 
the  final  result,  the  volume  of  the  fill.  Therefore,  placing  all  this  matter 
in  the  middle  of  the  report  is  like  putting  a  hurdle  in  a  pedestrian's  path. 
Why  then  not  omit  the  details?  Because  some  reader  of  the  report 
will  very  likely  wish  to  check  over  the  details.  Both  the  general  reader 
and  the  particular  reader  can  be  well  served  by  putting  the  details 
in  the  appendix. 

3.  Original  notes  or  records  of  observations,  and  original  documents. 
For  example,  in  a  mining  report,  the  record  sheets  of  samples,  assay,  and 
calculations  of  the  value,  recovery,  etc.,  should  go  in  as  an  appendix. 
Logs  of  scientific  experiments  and  engineering  tests  appear  as  appendices. 
Legal  documents,  certificates  of  title,  etc.,  are  proper  material  for  an 
appendix. 

4.  Sub-reports.  These  may  be  reports  submitted  by  others  to  whom 
special  questions  or  sub-problems  have  been  given  for  answer,  opinion, 
or  special  investigation — legal,  financial,  mathematical,  physical, 
chemical,  geological,  and  so  on. 

Of  course,  reference  to  an  appendix  will  be  made  whenever  in 
the  body  of  the  report  appendix  material  is  used. 

1927.  The  briefest  statement,  quickly  clear  to  the  client,  of 
the  gist  of  the  conclusion — the  result  of  the  investigation — the 
answer  to  the  question — should  be  written,  either  as  a  part  of  the 
letter  of  transmittal,  or  as  a  separate  statement  on  the  title  page 
of  the  report  or  on  the  page  following  the  title  page.  This  state- 
ment should  be  written  in  non-technical  language,  as  far  as 
practicable. 

The  writer  of  the  report  should  bear  in  mind  the  primary  purpose  of 
the  report.  The  client  is  waiting  for  the  answer  to  the  problem.  He  is 
likely  to  have  no  interest  whatever  in  the  process  by  which  the  answer  is 
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reached  except  in  so  far  as  a  knowledge  of  the  process  used  may  help 
him  or  his  assistants  to  judge  of  the  reUability  of  the  answer.  It  is 
poor  policy  to  keep  the  client  waiting  an  unnecessary  moment  or  to  make 
it  necessary  for  him  to  hunt  through  the  report  for  the  answer.  The 
writer  of  the  report  may  be  certain  that  while  the  client  is  turning 
through  the  pages  in  search  of  the  answer  the  client's  thoughts  are  dis- 
tinctly not  compHmentary  to  the  writer. 

1928.  The  nature  of  the  matter  of  a  report  may  be  such  as  to 
tempt  the  weak  or  unscrupulous,  for  financial  advantage,  to 
alter  the  report  in  some  way,  such  as  removing  a  page  or  insert- 
ing a  substitute;  and,  in  case  it  is,  the  writer  should  present  in 
the  report  certain  evidence  of  genuineness.  He  should  put  his 
signature  on  every  page  of  the  report,  including  maps,  original 
records,  etc.;  state  on  the  title  page  that  every  page  bears  his 
signature;  and  in  the  table  of  contents  give  the  page  numbers 
corresponding  to  the  listed  parts. 

Procedure  for  Preparing  a  Report 

1929.  The  following  schedule  of  steps  to  be  taken  in  preparing 
a  report  is  intended  primarily  for  the  guidance  of  the  student  who 
is  preparing  a  report  on  an  investigation  carried  on  under  the 
general  direction  of  an  instructor.  However,  this  schedule  should 
be  helpful  as  well  to  the  young  engineer  who  is  preparing  his 
first  reports  in  the  practice  of  his  profession. 

While  reading  each  of  the  following  directions,  the  report 
writer  should  hold  in  mind  the  axiom  of  §1905;  otherwise  he  may 
misinterpret  the  directions. 

(A)  Make  an  outhne  for  the  report,  using  such  terms  as  appear  in 
your  analysis  and  in  the  headings  of  your  log  {i.e.,  your  running 
record)  of  solution.  Attempt  to  make  plain  the  relation  between  parts 
by  indenting.  Show  the  outhne  to  the  instructor.  {B)  Make  a  second 
outhne,  improving  as  far  as  may  be  on  the  (1)  terms  and  (2)  arrange- 
ment of  the  first.  Ask  the  instructor  to  criticize  your  work.  (C)  Make 
a  third  outline  for  the  report,  using  the  same  terms  as  in  the  second 
outhne,  but  so  prepared  as  to  show  (1)  center  heads,  (2)  side  heads  and 
(3)  the  'Hype"  to  be  used  for  each  head.  Submit  the  third  outline  to 
the  instructor  for  review.  (D)  In  making  the  first  draft  of  the  report  as 
directed  below,  have  before  you  (1)  the  ''third  outline"  as  approved 
by  the  instructor,  (2)  your  analysis,  (3)  your  log  of  solution,  and  (4) 
any  models  of  arrangement  or  expression  that  you  consider  helpful  to 
you.  Follow  the  outline  with  respect  to  type  and  position  of  heads  and 
sub-heads.     Follow  the  log  of  solution  as  to  matter.     Write  two  or  three 
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pages  of  your  report,  and  show  these  to  the  instructor  before  writing 
further.  {E)  Complete  the  first  draft  of  the  report,  and  submit  it  to 
the  instructor  for  criticism.  {F)  Write  a  brief  abstract  of  the  conclusion 
of  the  report — the  answer  to  the  question.  Submit  the  abstract  to 
the  instructor  for  criticism.  Prefix  the  abstract  to  the  manuscript  of  the 
report.  {G)  Write  a  letter  of  transmittal,  and  lay  it  on  the  abstract. 
{H)  Write  a  table  of  contents.  (That  part  of  the  table  of  contents  per- 
taining to  the  body  of  the  report  should  be  based  on  the  third  outline.) 
Lay  the  table  of  contents  on  top  of  the  letter  of  transmittal.  (/)  Make 
a  title  page.  {J)  Put  any  appendices  after  the  body  of  the  report. 
{K)  Make  a  fair  copy,  that  is,  the  final  draft,  of  the  report.  If  you  type 
the  fair  copy,  it  is  kind  to  make  a  carbon  copy  for  the  office  file  for  the 
benefit  of  your  successors.  (L)  Put  folded  drawings  at  the  back  of  the 
written  pages  of  the  report.  (M)  Bind  the  whole  in  a  manila  cover. 
The  binding  should  be  strong  and  neat,  and  at  the  same  time  permit 
easy  handling  of  the  pages  and  drawings  when  the  report  is  being  read. 
{N)  Place  a  title  on  the  outside  of  the  front  cover,  Hke  that  of  the  title 
page.     (0)  Hand  in  the  completed  report. 

SUMMARY 

1930.  A  certain  few  of  the  ideas  presented  above  in  this  chapter 
are  applicable  at  every  step  in  preparing  a  report.  These  are, 
of  course,  the  most  valuable  ideas  of  the  chapter;  and  the  student 
will  find  it  profitable  to  make  them  his  own — not  by  learning 
them  by  heart  but  by  assimilating  them  with  his  own  experience 
in  making  and  in  receiving  answers.     Here  are  the  ideas: 

1.  A  report  is  the  answer  to  a  question. 

2.  The  answer  to  a  question  is  an  idea  or  a  group  of  related 
ideas. 

3.  The  answer  first  exists  in  the  mind  of  the  answerer  (the 
report  writer). 

4.  To  give  the  answer  is  to  transfer  the  idea  or  group  of 
ideas  from  the  mind  of  the  answerer  to  the  mind  of  the  questioner 
(client). 

5.  A  perfect  method  of  giving  an  answer  is  that  which  (a) 
transfers  the  idea  or  related  ideas  from  mind  to  mind  with  the 
least  loss  of  vividness  and  proportion,  and  (6)  effects  the  transfer 
with  minimum  eflFort  on  the  part  of  the  questioner  (axiom 
§1905). 

The  section  on  General  Principles  consists  for  most  part  of 
corollaries  of  the  axiom  of  §1905  (reproduced  in  (5)  above) 
stated  with  particular  reference  to  written  reports;  the  Specifica- 
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tions  go  to  a  certain  extent  into  the  particulars  of  the  organiza- 
tions of  written  reports,  and  the  section  on  Procedure  gives  the 
sequence  of  routine  steps  to  be  taken  by  the  student  in  preparing 
a  report  on  an  assigned  problem. 

1931.  In  conclusion  the  following  is  offered  as  a  test  which 
the  report  writer  can  profitably  apply  to  the  first  draft  of  his 
report : 

Picture  in  turn  the  men,  for  whom  a  report  is  written,  each 
reading  the  report  in  the  presence  of  the  report  writer.  If  none 
of  these  men  feels  impelled  at  any  point  of  his  reading  to  turn  to 
the  writer  for  a  little  elucidation,  or  for  further  explanation,  or 
for  additional  facts  or  reasons,  or  for  assistance  in  finding  what 
he  wants,  or  for  questioning  the  genuineness  of  any  part  of  the 
evidence  presented,  or  to  criticise  any  of  the  mechanical  features 
of  the  report,  the  report  may  be  considered  to  be  without  mate- 
rial fault,  and  the  report  writer  may  well  believe  that  his  most 
intelligent  readers  will  not  soon  forget  him  and  his  work. 


APPENDIX  A 

SPECIMEN  ARTICLES  OF   INCORPORATION,   CERTIFI- 
CATE OF  INCORPORATION,  AND  BY-LAWS 

Note. — These  specimens  are  like  the  originals  from  which  they  are  taken 
except  for  a  partial  change  of  name  of  corporation  made  by  due  process  of 
law,  and  the  substitution  of  one  name  and  address. 

[Specimen  of  Articles  of  Incorporation] 

ARTICLES  OF  INCORPORATION  OF  BRADFORD, 
KIMBALL  &  CO. 

KNOW  ALL  MEN  BY  THESE  PRESENTS 

THAT  WE,  the  undersigned,  all  of  whom  are  citizens  of  the 
State  of  California,  have  this  day  voluntarily  associated  ourselves 
together  for  the  purpose  of  forming  a  corporation  under  the  laws 
of  the  State  of  California,  and  we  do  hereby  certify  first,  that  the 
name  of  this  corporation  shall  be  BRADFORD,  KIMBALL  & 
CO. 

1.  That  the  purposes  for  which  said  corporation  is  formed  are: 

(a)  To  buy  and  sell  municipal  corporation  and  other  bonds, 
shares  of  capital  stock,  both  preferred  and  common,  warrants, 
certificates  of  indebtedness  and  any  and  all  other  securities,  and 
generally  to  transact  any  and  everything  that  pertains  to  the 
business  of  bonds  or  stocks  or  dealing  in  securities,  either  directly 
for  said  corporation  or  indirectly  as  broker  for  others; 

(6)  To  buy  or  otherwise  acquire,  own,  hold,  borrow,  improve 
and  develop  all  kinds  of  real  and  personal  property  whatsoever; 

(c)  To  borrow  and  lend  money  and  execute  mortgage  and 
deeds  of  trust  to  secure  the  repayment  of  money  so  borrowed  and 
to  do  any  and  all  things  incidental  to  the  same; 

(d)  To  contribute  in  any  manner  to  the  expense  of  promoting, 
contracting,  acquiring,  improving  or  maintaining,  any  work  or 
enterprise  by  whomsoever  owned; 

(e)  To  make  contracts  of  any  kind  relating  to  any  kind  of 
property  or  business,  in  either  an  independent  or  representative 
capacity; 
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(/)  To  promote,  do,  acquire,  hold  and  dispose  of,  anything 
incident  to,  or  necessary,  convenient  or  proper  to  carry  out  any 
of  the  things  or  purposes  aforesaid,  or  which  from  time  to  time 
may  be  declared  by  the  board  of  directors  of  this  company  then  in 
office  to  be  necessary,  useful,  incidental  or  auxiliary  to  accomplish 
any  of  the  purposes  of  the  corporation,  or  to  promote  its  welfare; 

(g)  To  do  one  or  more  of  said  things  in  any  part  of  the  United 
States  of  America  and  in  any  part  of  the  world. 

2.  That  the  place  where  the  principal  business  of  said  corpora- 
tion is  to  be  transacted  is  the  City  and  County  of  San  Francisco, 
State  of  California. 

3.  The  term  for  which  said  corporation  is  to  exist  is  fifty  (50) 
years  from  date  of  its  incorporation. 

4.  That  the  number  of  directors  of  said  corporation  shall  be 
three  (3)  and  the  names  and  residences  of  its  directors  who  are  to 
serve  for  the  first  year  and  until  the  election  of  their  successors 
are  as  follows,  to  wit: 

Names  Rbsidencbs 

C.  B.  BRADFORD 510  Warren  Street,  San  Mateo,  California. 

JOHN  SMITH 1240  Carlisle  Ave.,  San  Bonno,  California. 

SHERMAN  KIMBALL 1101  Emerson  Street,  Palo  Alto,  California. 

5.  The  amount  of  the  capital  stock  of  said  corporation  is 
One  Hundred  Thousand  (100,000)  Dollars,  and  the  number  of 
shares  into  which  it  is  divided  is  One  Thousand  (1000)  Shares 
of  the  par  value  of  One  Hundred  (100)  Dollars  each. 

6.  The  amount  of  said  capital  stock  which  has  been  actually 
subscribed  is  THREE  HUNDRED  (300)  DOLLARS,  and  follow- 
ing are  the  names  of  the  persons  by  whom  the  same  has  been 
subscribed : 

Names  Number  of  Shares  Amount 

C.  B.  BRADFORD 1  $100.00 

JOHN  SMITH 1  $100.00 

SHERMAN  KIMBALL 1  $100.00 

IN  WITNESS  WHEREOF,  we  have  hereunto  set  our  hands 
and  seals  at  San  Francisco,  California,  this  3rd  day  of  February, 
1920. 

(Signed)  C.  B.  BRADFORD  (SEAL) 

(Signed)  JOHN  SMITH  (SEAL) 
(Signed)  SHERMAN  KIMBALL  (SEAL) 
STATE  OF  CALIFORNIA, 


CITY  AND  COUNTY  OF  SAN  FRANCISCO,  ' 
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On  this  3rd  day  of  February,  A.  D.  1920,  before  me, 
M.  V.  COLLINS  (Signed),  a  Notary  Public  in  and  for  the  City 
and  County  of  San  Francisco,  State  of  CaHfornia,  duly  commis- 
sioned and  sworn,  personally  appeared  C.B.BRADFORD,  JOHN 
SMITH  and  SHERMAN  KIMBALL,  known  to  me  to  be  the 
persons  described  in,  whose  names  are  subscribed  to,  and  who 
each  acknowledged  to  me  that  they  executed  the  foregoing 
instrument  for  the  purposes  therein  mentioned. 

IN    WITNESS    WHEREOF,     I    have 
hereunto  set  my  hand  and  affixed  my 
offical  seal  at  my  office  in  the  City  and 
SEAL  County    of    San   Francisco,    State   of 

California,  the  day  and  year  in  this 
certificate  first  above  written. 
M.  V.  COLLINS  (Signed) 

Notary  Public  in  and  for  the  City  and 
County  of  San  Francisco,  State  of 
California. 


[Specimen  of  Certificate  of  Incorporation] 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  STATE 

I,  Frank  C.  Jordan,  Secretary  of  State  of  the  State  of  Cali- 
fornia, do  hereby  certify  that  a  copy  of  the  Articles  of  Incorpora- 
tion of BRADFORD,  KIMBALL  &  CO 

certified  by  the  County  Clerk  of  the  CITY  AND  County  of 
SAN  FRANCISCO  as  a  copy  of  such  Articles  filed  in  his  office, 
was  filed  in  this  office  on  the  ^th     day  of     FEBRUARY     A.D. 

1920  ,  which  Articles  and  the  copy  thereof  contained  the 
required  Statement  of  Facts,  to  wit:  The  name  of  the  corpora- 
tion as  aforesaid;  the  purpose  for  which  it  is  formed;  the  place 
where  its  principal  business  is  to  be  transacted;  the  term  for 
which  it  is  to  exist;  the  number  of  its  directors  or  trustees,  and 
the  names  and  residences  of  those  who  are  appointed  for  the 
first  year;  the  amount  of  its  capital  stock,  and  the  number  of 
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shares  into  which  it  is  divided,  and  the  par  value  thereof;  the 
amount  of  its  capital  stock  actually  subscribed  and  by  whom. 

IN  WITNESS  WHEREOF,  I  have 
r  GREAT  SEAL  OF  ]  hereunto  set  my  hand  and  affixed 

THE  STATE   OF  the    Great    Seal    of   the    State   of 

I      CALIFORNIA      J  California  this  4th  day  of 

FEBRUARY,     1920. 

FRANK  C.  JORDAN 

Secretary  of  State 
By     FRANK  H.  CORY  Deputy 

[Specimen  of  By-Laws] 

BY-LAWS 

of  the 

BRADFORD,  KIMBALL  &  CO. 

THE  NAME  of  the  corporation  shall  be  the 

BRADFORD,  KIMBALL  &  CO. 

Article  I 

Corporate  Seal 

The  Corporate  Seal  shall  consist  of  a  cricle  having  on  its  cir- 
cumference the  words  ''Bradford,  Kimball  &  Co.,  San  Francisco, 
California,  Incorporated  February  4th,  1920." 

Article  11 

Corporate  Powers 

The  corporate  powers  are  vested  in  a  Board  of  THREE  Direc- 
tors, who  must  be  Stockholders,  each  holding  not  less  than  one 
share  of  stock  in  his  own  name  on  the  books  of  the  Corporation, 
and  TWO  shall  constitute  a  quorum. 

Article  III 

Election  of  Directors 

The  Directors  shall  be  elected  by  ballot,  at  the  annual  meeting 
of  the  Stockholders,  to  serve  for  one  year,  and  until  their  suc- 
cessors are  elected.  Their  term  of  office  to  begin  immediately 
after  election. 
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Article  IV 

Vacancies 

Vacancies  in  the  Board  shall  be  filled  at  a  meeting  of  the 
Board  by  the  remaining  Directors.  Those  elected  shall  hold 
office  until  the  next  annual  meeting  of  the  Stockholders. 

Article  V 

Power  of  Directors 

Directors  have  power : 

1st.  To  call  special  meetings  of  the  Stockholders.  They  must 
call  a  meeting  at  any  time,  upon  the  written  request  of  Stock- 
holders holding  one-third  of  the  capital  stock  issued. 

2nd.  To  appoint  and  remove  (except  Directors),  officers,  agents 
and  employees,  fix  their  duties  and  compensation,  and  require 
from  them  security  for  faithful  service. 

3rd.  To  manage  the  business  of  the  Corporation,  to  make  for 
it  the  rules  and  regulations  and  By-Laws. 

4th.  To  incur  indebtedness  for  the  conduct  of  business,  the 
terms  and  amount  of  which  shall  be  entered  on  the  minutes  of 
the  Board.  The  President  and  Secretary  shall  sign  officially  all 
written  promises  to  pay  debts. 

Article  VI 
Duties  of  Directors 

The  Board  of  Directors  shall: 

1st.  Cause  to  be  kept  a  record  of  its  meetings,  and  of  the 
proceedings  of  the  Stockholders,  and  cause  a  full  statement  at 
the  regular  meeting  of  the  Stockholders  to  be  made  in  writing, 
showing  in  detail  the  assets  and  liabilities  of  the  Corporation, 
and  generally  the  condition  of  its  affairs. 

2nd.  Declare  dividends  out  of  the  profits,  when  such  profits 
shall,  in  the  opinion  of  the  Directors,  warrant  the  same. 

3rd.  Repeal  and  amend  the  By-Laws  and  adopt  new  By-Laws 
at  their  discretion,  as  provided  in  Article  XVI. 

4th.  Supervise  all  officers,  agents  and  employees  and  see  that 
their  duties  are  properly  performed.  To  cause  to  be  issued  to 
Stockholders,  certificates  of  stock  for  the  amount  of  their, 
holdings. 
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Article  Vn 

Officers 

The  officers  shall  be  a  President,  First  Vice-President,  Second 
Vice-President,  Secretary  and  Treasurer,  to  be  elected  by  and 
hold  office  at  the  pleasure  of  the  Board  of  Directors.  The  com- 
pensation and  tenure  of  office  of  all  officers  (other  than  Directors) 
shall  be  fixed  by  said  Directors. 

Article  VIII 
President 

The  Board  of  Directors,  at  their  first  regular  meeting,  shall 
elect  one  of  their  number  President;  and  if  at  any  time  the  Presi- 
dent is  unable  to  act,  a  Vice-President  shall  perform  his  duties; 
and  if  a  Vice-President  is  unable  to  act,  they  shall  appoint  some 
other  member  of  the  Board  to  his  place.  The  President,  or  in  his 
absence  the  Director,  appointed  as  above  provided : 

1st.  Shall  preside  over  all  meetings  of  the  Stockholders  and 
Directors. 

2nd.  Shall  sign,  as  President,  all  certificates  of  stock,  and  all 
contracts  and  other  instruments  of  writing  which  have  been  first 
approved  by  the  Board  of  Directors. 

3rd.  Shall  call  the  Directors  together  whenever  he  deems  it 
necessary,  and  shall,  subject  to  the  advice  of  the  Directors,  have 
direction  of  the  affairs  of  the  Corporation,  and  shall  discharge 
such  other  duties  as  may  be  required  by  the  By-Laws. 

The  President,  or  two  of  the  Directors,  may  call  special  meet- 
ings of  the  Directors  at  any  time,  and  notice  shall  be  given  of  such 
called  meetings  by  leaving  a  written  or  printed  notice  at  the  last 
known  place  of  business  or  of  residence  of  each  Director.  Each 
Director  must,  at  the  first  meeting  after  his  election,  cause  to  be 
entered  in  the  minutes  his  address,  to  which  all  notices  may  be 
directed  until  similar  notice  and  entry  of  change  of  residence  has 
by  him  been  given  in  writing.  Such  service  of  notice,  shall  be 
entered  on  the  minutes  of  the  Corporation;  and  the  said  minutes 
upon  being  read  and  approved  at  a  subsequent  meeting  of  the 
Board,  shall  be  conclusive  upon  the  question  of  service. 
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Article  IX 

Secretary 

1st.  The  Secretary  shall  keep  a  record  of  the  proceedings  of 
the  Board  of  Directors  and  of  the  Stockholders. 

2nd.  Shall  keep  the  corporate  seal  and  the  book  of  blank 
certificates  of  stock,  fill  up  and  countersign  all  certificates,  and 
make  the  corresponding  entries  in  the  margin  of  such  book  on  such 
issuance;  and  he  shall  affix  said  seal  to  all  papers  requiring  a  seal. 

3rd.  Shall  keep  a  Transfer  Book,  and  a  Stock  Ledger  in  debit 
and  credit  form  showing  the  number  of  shares  issued  to  and 
transferred  by  any  Stockholder,  and  the  dates  of  such  issuance 
and  transfer. 

4th.  Shall  keep  proper  Account  Books,  countersign  all  checks 
drawn  upon  the  Treasurer  and  discharge  such  other  duties  as 
pertain  to  his  office  and  as  are  prescribed  by  the  Board  of 
Directors. 

5th.  Shall  serve  all  notices  required  either  by  law  or  by  the 
By-Laws  of  the  Company;  and  in  case  of  his  absence,  inability, 
refusal  or  neglect  so  to  do,  then  such  notices  may  be  served  by 
any  person  thereunto  directed  by  the  President  or  Vice-President 
of  the  Company. 

Article  X 
The  Treasurer 

The  Treasurer  shall  receive  and  keep  all  the  funds  of  the  Cor- 
poration and  pay  them  out  only  on  the  check  of  the  President  or 
either  one. of  the  Vice-Presidents  and  himself  as  treasurer,  or 
else  on  the  check  of  any  two  of  the  three  officers  to  wit :  President 
and  first  and  second  Vice-Presidents. 

Article  XI 

Books  and  Papers 

Such  books  and  such  papers  as  may  be  placed  on  file  by  vote 
of  the  Stockholders  or  Directors  shall  at  all  times  in  business 
hours,  be  subject  to  the  inspection  of  the  Board  of  Directors 
and  of  any  Stockholder. 

Article  XII 

Certificates  of  Stock 

Certificates  of  stock  shall  be  of  such  form  and  device  as  the 
Board  of  Directors  may  direct ;  and  shall  be  signed  by  the  Presi- 

15 
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dent  and  countersigned  by  the  Secretary,  and  express  on  its 
face  its  number,  date  of  issuance,  the  number  of  shares  for  which, 
and  the  person  to  whom  it  is  issued. 

The  Certificate  Book  shall  contain  a  margin  on  which  shall  be 
entered  the  number,  date,  number  of  shares,  and  name  of  the 
person  expressed  in  the  corresponding  certificate. 

Article  XIII 
Transfer  of  Stock 

Shares  of  the  Corporation  may  be  transferred  at  any  time  by 
the  holders,  or  by  power  of  attorney,  or  by  their  legal  representa- 
tives, by  endorsement  on  the  certificate  of  Stock.  But  no 
transfer  is  valid  until  the  surrender  of  the  surrendered  certificate 
and  a  receipt  is  given  by  the  Secretary. 

A  surrendered  certificate  shall  be  cancelled  before  a  new  one 
is  issued  in  lieu  thereof,  and  the  Secretary  shall  preserve  the 
certificate  so  cancelled  as  a  voucher.  If,  however,  a  certificate 
is  lost  or  destroyed,  the  Board  of  Directors  may  order  a  new 
certificate  issued  as  is  by  law  required  or  permitted. 

Article  XIV 
Meetings 

The  annual  meeting  of  the  Stockholders  may  be  held  in  San 
Francisco,  California  on  the  first  Monday  in  January,  in  each 
year  and  shall  be  called  by  a  notice  printed  in  one  or  more  news- 
papers, published  in  the  City  and  County  of  San  Francisco  as 
the  Directors  may  direct,  for  at  least  once  a  week  for  two  weeks 
last  preceding  the  day  of  meeting. 

No  meeting  of  Stockholders  shall  transact  business,  unless  a 
majority  of  stock  is  represented,  except  to  adjourn  from  day  to 
day,  or  until  such  time  as  may  be  deemed  proper. 

At  such  annual  meeting.  Directors  for  the  ensuing  year  shall 
be  elected  by  ballot,  in  the  manner  as  provided  in  the  Civil  Code, 
to  serve  for  one  year,  and  until  their  successors  are  elected.  If, 
however,  for  want  of  a  quorum  or  other  cause,  a  Stockholders' 
meeting  shall  not  be  held  on  the  day  above  named,  or  should  the 
Stockholders  fail  to  complete  their  elections,  or  such  other  busi- 
ness as  may  be  presented  for  their  consideration,  those  present 
may  adjourn  from  day  to  day,  until  the  same  shall  be  accom- 
pHshed  in  the  manner  provided  in  the  Civil  Code. 
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Article  XV 

Voting 

At  all  corporate  meetings,  each  Stockholder,  either  in  person 

or  by  proxy,  shall  be  entitled  to  as  many  votes  as  he  owns  shares 

of  stock,  in  the  manner  required  by  the  Civil  Code.     Such  proxy 

shall  be  in  writing,  and  filed  with  the  Secretary. 

Article  XVI 

Amendments 

The  By-Laws  may  be  altered  or  amended  at  any  meeting  of 

the  Stockholders  in  the  manner  required  by  the  Civil  Code,  or 

at  a  meeting  of  the  Board  of  Directors  at  their  discretion  by  a 

majority  vote. 

KNOW  ALL  MEN  BY  THESE  PRESENTS 
That  we,  the  undersigned,  being  the  holders  and  owners  of 
three  (3)  shares  of  the  Capital  Stock  of  the 

BRADFORD,  KIMBALL  &  CO. 
viz.:  the  issuance  and  delivery  to  us  of  said  shares  being  subject 
to  the  approval  of  the  Corporation  Commissioner  of  the  State  of 
California  hereby  assent  to  the  foregoing  By-Laws,  and  adopt  the 
same  as  the  By-Laws  of  the  said  Corporation. 

IN  WITNESS  WHEREOF,  we  have  hereunto  subscribed  our 
names,  this  5th  day  of  February  A.D.,  nineteen  hundred  and 
twenty 

C.  B.  BRADFORD 

JOHN  SMITH  Stockholders. 

SHERMAN  KIMBALL 

KNOW  ALL  MEN  BY  THESE  PRESENTS 
That  we,  the  undersigned.  Directors  and  Secretary  of  the  Cor- 
poration known  as  and  called  the  BRADFORD,  KIMBALL  & 
CO.  do  hereby  certify  that  the  above  and  foregoing  By-Laws  were 
adopted  as  the  By-Laws  of  said  Corporation,  on  the  5th  day 
of  February  A.D.  nineteen  hundred  and  twenty;  and  that  the 
same  do  now  constitute  the  By-Laws  of  said  Corporation. 

C.  B.  BRADFORD 
(SEAL    OF   THEl  JOHN  SMITH  Directors. 

[corporation}  SHERMAN  KIMBALL 

ROBT.  G.  CRAIG 
Secretary  of  the  BRADFORD,  KIMBALL  &  CO. 
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Table  I. — Simple  Interest  Formulas 

Given 

Required 

Formula 

Principal,  P 

Rate,  i 

Time  (years),  n 

Interest,  / 
Amount,  S 

/  =  Pin 

(Tables  H  and  J) 
S  =  P(l  +  in) 

(1) 
(2) 

Rate,  i 

Time  (years),  n 

Interest,  / 

Principal,  P 

P  =  I /{in) 

(3) 

228 


APPENDIX  B 
Table  I. — Simple  Interest  Formulas  {Continued) 


229 


Given 

Required 

Formula 

Rate,  i 

Time  (years),  n 

Amount,  S 

Principal,  P 

P  =  S/{1  +  in)                  (4) 

Interest,  / 
Principal,  P 
Rate,  i 

Time  (years),  n 

n  =  I /{Pi)                            (5) 

Table  II. — Compound  Interest  Formulas 

Given 

Required 

Formula 

Rate,  i 

Interest    periods 
one  year,  h 
Time  (years),  n 
Principal,  $1 

in 

Amount,  s,» 
Interest,  / 

Sn 

I 

=  (1  +  i/h)f^^ 
(Table  A) 

=   Sn    -    1 

(18a) 
(19a) 

Rate,  i 

Interest    periods 

in 

Present  worth,  p„ 

Vn 

1 

(20b) 

one  year,  h 
Time  (years),  n 
Amount,  $1 

~    (1    +    i/h)^- 

(Table  B) 

Interest    periods 
one  year,  h 
Time  (years),  n 
Principal,  $1 
Amount,  Sn 

in 

Rate,  i 

^ 

=   h[{Sn)'^''^   -    1] 

(21) 

Rate,  i 

Interest    periods 
one  year,  h 
Principal,  $1 
Amount,  Sn 

in 

Time  (years),  n 

n 

log  5„ 

(22) 

~  h  log(l  +  i/h) 

Rate  ("nominal") 
Interest    periods 
one  year,  h 

in 

"  Effective"  rate  (com- 
pound interest  on  $1 
for  one  year),  e 

e 

=   (1   +  i/h)^   -   1 

(15) 

"Effective"  rate,  « 
Interest    periods 
one  year,  h 

in 

Rate  ("nominal"). 

i 

i 

=  /i[(l  +e)i/'«  -  1] 

(17) 
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USE  OF  TABLE  HI 

(Table  III  need  be  used  only  in  case  the  conditions  of  the 
problem  are  beyond  the  range  of  Tables  C,  D,  E,  and  F.) 

When  one  of  the  given  sums — present  worth,  deposit,  or  amount 
— is  other  than  $1,  solve  the  problem  first  on  the  assumption  that 
it  is  $1,  and  multiply  the  result  by  the  number  of  dollars  in  the 
given  sum. 

Example. — What  is  the  amount  of  the  sinking  fund  in  which  $1 
is  deposited  at  the  end  of  each  year  for  20  years,  if  interest  is  at 
6  per   cent  compounded  semi-annually? 

The  formula  for  this  case  is  (Eq.  31,  Table  III), 

s"  -  1 

Zn    = 


S~    1 

Substituting  for  s  its  value  in  terms  of  i  and  h,  we  have 

(1  +  i/h)^^  -  1 


z«  = 


(1  +  i/h)'  -  1 


In  this  example,  i  =  0.06,  h  =  2,  and  n  =  20.     Therefore 
_  (l  +  0.06/2)^x^Q-l  _      n  03^Q  -  1 
^"  ~    (1  +  0.06/2)2  _  1    -      1 1.032  _  I 
_  3.262  -  1 
~  1.061  -  1 
=  $37.     Answer. 

*  1.03***  is  evidently  the  compound  amount  of  $1  for  40  years  at  3  per  cent 
compounded  annually;  and  1.03^  is  the  compound  amount  of  $1  for  two  years 
at  3  per  cent  compounded  annually.  Therefore  the  values  of  1.03*°  and 
1.032  can  be  taken  directly  from  Table  A. 
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Table  III. — Formulas  for  Uniform  Series  of  Payments 
For  cases  in  which  one  of  the  given  elements  is  $1,  and  the  payment 
is  made  at  the  end  of  each  year. 

n  =  life  of  sinking  fund,  in  years, 
s  =  amount  of  $1  for  one  year 

=  (1  +  i/h)K 
i  =  rate  on  deposits. 
h  =  number  of  interest  periods  in  one  year. 


Given 

Required 

Formula 

Deposit,  $1 

Amount,  Zn 

Zn-^^~}-     (Table  C) 
s  —  1 

(31) 

Deposit,  $1 

Present  worth,  Wn 

Wn   =''-^'h     (Table  D)  (32) 

S  ~~   L      S 

Deposit,  $1 

Life  (years),  n  =  oo 

Present  worth,  «?« 

1 

(32b) 

Deposit,  $1 

Present  worth    of 
m-year       sinking 
fund,  Wm 

Present    worth    of 
(m  +  n)-year  sink- 
ing fund,  Wm+n 

Present  worth  of  n- 
year  sinking  fund 
deferred   m  years. 

w'n    =   Wm+n    —  Wm 

s"-  1        1 
~   s  -  1     s"+"' 

(32c) 
(32d) 

Amount,  $1 

Deposit,  dn 

dn   =  JrZTl-      (Table  E) 

(33) 

Present  worth,  $1 

Deposit,  On 

an   =  ^ip-     (Table  F) 

(34) 

Present  worth,  $1 
Life  (years),  n  =  » 

Deposit,  a^ 

«oo     =   S    —    1 

(34b) 

Deposit,  $1 
Amount,  Zn 

Life  (years),  n 

log  [Zn(S  -   1)  +  1] 

log  S 

(34c) 

Deposit,  $1 
Present  worth,  Wn 

Life  (years),  n 

l^g  Ll  -(s-l)wj 
logs 

(34d) 

Amount,  $1 
Deposit,  dn 

Life  (years),  n 

log  s 

(34e) 

Present  worth,  $1 
Deposit,  On 

Life  (years),  n 

^^^  La.  -   (.  -  1)J 
logs 

(34f) 
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USE  OF  TABLE  IV 

The  formulas  of  Table  IV  assume  that  the  interest  period  is  not 
longer  than  the  deposit  interval;  that  is,  the  formulas  do  not  hold 
when  the  deposit  interval  is  shorter  than  the  interest  period. 
For  example,  Eq.  27  will  give  the  amount  of  the  sinking  fund  in 
which  D  is  deposited  at  the  end  of  each  half-year  if  interest  is  com- 
pounded semi-annually,  or  quarterly,  or  oftener,  but  will  not  give 
the  amount  if  interest  is  compounded  annually. 

This  table  need  be  resorted  to  only  when  the  conditions  of  the 
problem  are  beyond  the  range  of  Tables  C,  D,  E,  and  F. 

Example. — If  at  the  end  of  each  half-year  for  five  years,  we 
deposit  $100  in  a  savings  bank  which  pays  interest  at  the  rate  of 
4  per  cent  compounded  quarterly,  what  will  be  the  accumulated 
amount  at  the  end  of  the  fifth  year? 

The  formula  to  be  used  in  this  case  is  (Eq.  27,  Table  IV), 

Z  =  Z)^  ~  ^     where    s  =  (1  +  i/hy,    s"  =  (1  -f-  i/hy^, 

6*  =  (1  +  i/hyK 

Substituting,  we  have 


(1  +  ^y/i)^*  -  1 


In  this  example,  D  =  100,  /i  =  4,  n  =  5,  and  h  =  1/2.  There- 
fore 

_        (1  +  0.04/4)^x5,1  _         l.OPO-1  _  iQ.  1:220_-J 
z.  -  iuu^^  _^  o.04/4)^xH_  1  -  ^"^  i.op  -    1  -  ^^"  1,020  -  1 

=  $1100+.     Answer. 

Note. — 1.01^°  is  the  amount  of  $1  for  20  years  at  1  per  cent 
compounded  annually,  and  l.OP  is  the  amount  of  $1  for  two  years 
at  1  per  cent  compounded  annually.  As  Table  A  does  not  give 
amounts  for  the  rate  of  1  per  cent,  the  values  of  l.OP^  and  l.OP 
were  computed  by  logarithms. 
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Table  IV. — Formulas  for  Uniform  Series  of  Payments 
In  which  payment  is  made  at  the  end  of  each  fc-year  period. 
n  =  life  of  sinking  fund. 
k  =  number  of  years  in  one  deposit-interval 

=  or  >  1/h. 
s  =  amount  of  $1  for  one  year 

=  (1  +  i/h)K 
i  =  rate. 
h  =  number  of  interest  periods  in  one  year. 


Given 


Required 


Formula 


Deposit,  D 


Amount,  Z 


Z  =  D 


(27) 


Deposit,  D 


Present  worth,  W 


W  =  D 


s^-1      1 

s*  -  1  '  s« 


(28) 


Amount,  Z 


Deposit,  D 


D  =Z 


s^-  1 


(29) 


Present  worth,  W 


Deposit,  D 


D  =  W 


(30) 


Deposit,  D 
Life,  n  years 
Deferred  m  years 


Present  worth,  W 


-^  gA:  _   1        ^m+n 


(30b) 


Amount,  Z 
Deposit,  D 


Life,  n 


log  [{Z/D)  (s*-l)+l] 


Present  worth,  W 
Deposit,  D 


Life,  n 


n  = 

log  s 

—    (,ciuc; 

log     Y2 

1 
-{W/D)is^- 

^). 

log  s 

(30d) 

Deposit,  D 
Life,  n  =  00 


Present  worth,  W 


W  =  D 


s"-  1 


(30e) 


Present  worth,  W 
Life,  n  =  00 


Deposit,  D 


D  =  W{s^  -  1) 


(30f) 


Deposit,  D 
Life,  n  =   00 
Deferred  m  vears 


Present  worth,  W 


W-D^^-l  (30g) 
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USE  OF  TABLE  V 

The  formulas  of  Table  V  assume  that  the  interest  period  is 
not  longer  than  the  deposit  interval;  that  is,  the  formulas  do  not 
hold  when  the  deposit  interval  is  shorter  than  the  interest  period. 
For  example,  Eq.  30h  will  give  the  amount  of  the  sinking  fund 
in  which  D  is  deposited  at  the  end  of  each  half-year  if  interest  is 
compounded  semi-annually,  or  quarterly,  or  oftener,  but  will 
not  give  the  amount  if  interest  is  compounded  annually. 

Example, — If  at  the  beginning  of  each  half-year  for  five  years, 
we  deposit  $100  in  a  savings  bank  which  pays  interest  at  the  rate 
of  4  per  cent  compounded  quarterly,  what  will  be  the  accumu- 
lated amount  at  the  end  of  the  fifth  year? 

For  this  case  the  formula  is  (Eq.  30,  Table  V), 

Z  =  D  S-^T^^j    where    s  =  (1  +  i/hY,    s"  =  (1  +  i'/A)^",  and 
s*  =  (1  +  i/hy^.     Substituting,  we  have 

In  this  example,  D  =  100,  A  =  4,  n  =  5,  and  k  =  1/2.     There- 
fore 

=  $1122  +  .     Answer. 

Note. — 1.01 20  is  the  amount  of  $1  for  20  years  at  1  per  cent  compounded 
annually,  and  1.01 2  is  the  amount  of  $1  for  two  years  at  1  per  cent  com- 
pounded annually.  Since  Table  A  does  not  give  amounts  for  the  rate  of  1 
per  cent,  the  values  of  l.Ol^o  and  l.Ol^  were  computed  by  logarithms. 
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In  which  payment  is  made  at  the  beginning  of  each  fc-year  period. 
Table  V. — Formulas  for  Uniform  Series  of  Payments 
n  =  life  of  sinking  fund. 
k  =  number  of  years  in  one  deposit  interval 

=  or  >  1/h. 
s  =  amount  of  $1  for  one  year 

=  (1  +  i/h)\ 
i  =  rate. 
h  =  number  of  interest  periods  in  one  year. 


Given 

Required 

Formula 

Deposit,  D 

Amount,  Z 

2  =  ^:^^^' 

[30h) 

Deposit,  D 

Present  worth. 

W 

--f^i-:' 

(30i) 

Amount,  Z 

Deposit,  D 

--i^-i-^ 

(30j) 

Present  worth,  W 

Deposit,  D 

o-Tr;_l-"-' 

(30k) 

Deposit,  D 
Life,  n  years 
Deferred  m  years 

Present  worth. 

W 

W    -  -D  s»  -  1     s»+- 

(301) 

Amount,  Z 
Deposit,  D 

Life,  n 

log[(Z/Z))^- 
log  s 

"^  M  (30m) 

Life,  n 

1    r           1 

Present  worth,  W 
Deposit,  D 

log                           / 

i-(Tr/£>)(i 

-i)J 

logs 

(30n) 

Deposit,  D 
Life,  n  =  CO 

Present  worth, 

W 

^=^/-i 

(30o) 

Present  worth,  W 
Life,  n  =  00 

Deposit,  D 

z>  =  >r^ 

• 

(30p) 

Deposit,  D 
Life,  n  =  CO 
Deferred  m  years 

Present  worth. 

W 

^v'      n    ''     ^ 

(30q) 

TT  -^,._i-,. 
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USE  OF  TABLE  VI 

The  formulas  of  Table  VI  assume  that  the  interest  period  is 
not  longer  than  the  deposit  interval;  that  is,  the  formulas  do  not 
hold  when  the  deposit  interval  is  shorter  than  the  interest  period. 
For  example,  Eq.  30r  will  give  the  amount  of  the  sinking  fund  in 
which  D  is  deposited  at  the  end  of  each  half-year  if  interest  is 
compounded  semi-annually,  or  quarterly,  or  oftener,  but  will  not 
give  the  amount  if  interest  is  compounded  annually. 

Example. — If  at  the  beginning  of  each  half-year  and  at  the  end 
of  the  last  half-year  of  a  five-year  period,  we  deposit  $100  in  a 
savings  bank  which  pays  interest  at  the  rate  of  4  per  cent  com- 
pounded quarterly,  what  will  be  the  accumulated  amount  at  the 
end  of  the  fifth  year? 

For  this  example  we  use  Eq.  30r  of  Table  VI : 

Z  =  D  C'_~i\    where   s  =  (1  +  i/h^,   s"+^  =   (1  +  ^7/l)^^"+'^ 
and  s*  =  (1  +  i/hy^.     Substituting,  we  have 

a+^A)Mn+^-  1 
^    (1  +  i/hy  -  1  ' 

In  this  example,  D  =  100,  A  =  4,  n  =  5,  and  k  =  1/2.  There- 
fore 

(1  +  0.04/4)4x^^  _  1       ^^"  i.op  -  1 

=  100  1-^^5-1 

^"^  1.020  -  1 
=  11225  ±.     Answer. 

Note. — 1.0122  jg  ^jjg  amount  of  $1  for  22  years  at  1  per  cent,  compounded 
annually,  and  l.Ol^  is  the  amount  of  $1  for  two  years  at  1  per  cent  com- 
pounded annually.  Since  Table  A  does  not  give  compound  amount  for 
the  rate  1  per  cent,  the  values  of  l.Ol^^and  l.Ol^  were  computed  by  loga- 
rithms. 
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Table  VI. — Formulas  for  Uniform  Series  of  Payments 
In  which  payment  is  made  at  beginning  of  each  and  at  the  erid  of  the  last 
/c-year  period. 

n  =  life  of  sinking  fund. 

k  =  number  of  years  in  one  deposit  interval 

=  or  >  1/h. 
s  =  amount  of  $1  for  one  year 

=  (1  +  i/h)K 
i  =  rate. 
h  =  number  of  interest  periods  in  one  year. 


Given 

Required 

Formulas 

Deposit,  D 

Amount,  Z 

Z 

=  d\,  _  jl                    •  (30r) 

Deposit,  D 

Present  worth. 

W 

w 

an+k  _    1         1 

-OV_/./„                 (30s) 

Amount)  Z 

Deposit,  D 

D 

=  Z^f^i                        (30t) 

Present  worth, 

W 

Deposit,  D 

D 

=  wf^~^.  ■  s"                (30u) 

S      ■  —   i 

Deposit,  D 
Life,  n  years 
Deferred  m  years 

Present  worth, 

W 

W 

-d\     /.    :         (30v) 

Amount,  Z 
Deposit,  D 

Life,  n 

n  ■- 

logTcZ/Df-^+i] 

=  — L ' 1±  (30w) 

log  s 

Present  worth, 
Deposit,  D 

W 

Life,  n 

n  ■- 

1  r      ^      1 

log  s                 (30x) 

Deposit,  D 
Life,  n  =  oo 

Present  worth, 

W 

W 

-D/_^                          (30y) 

Present  worth. 
Life,  n  =  oo 

W 

Deposit,  D 

D 

^s*-l                           (30z) 

Deposit,  D 
Life,  n  =  °o 
Deferred  m  years 

Present  worth, 

W 

W 

=  ^./-r.i         (^^-> 
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USE  OF  TABLE  A 

Table  A  gives  the  value  of  s"  of  Eq.  18a,  Table  II,  for  given 
values  of  ^,  h,  and  n. 

When  interest  is  compounded  annually. 

Example  1. — What  is  the  amount  of  %1  for  15  years  at  7  per 
cent  compounded  annually?  Under  "7  per  cent''  and  opposite 
"15"  of  Table  A,  we  find  $2,759,  which  is  the  required  amount. 

Example  2. — What  is  the  amount  of  $147.60  for  15  years  at  7 
per  cent  compounded  annually?  As  in  the  example  above,  we 
find  the  amount  of  $1  for  the  given  conditions  to  be  $2,759; 
and  multiplying  this  by  the  principal,  we  obtain  147.60  X  2.759 
=  $407.22  +  .     Answer, 

When  interest  is  compounded  semi-annually,  or  quarterly,  etc. 

Examples. — What  is  the  amount  of  $1  for  13  years  at  5  per  cent 
compounded  semi-annually?  Here  there  are  2  interest  periods  in 
the  year;  therefore  /i  =  2,  i/h  =  0.05/2  =  0.025,  and  nh  =  ISX 
2  =  26.  Opposite  "26,"  under  '^21/2  per  cent,"  find,  in  Table  A, 
$1,900  which  is  the  amount  required. 

When  the  number  of  interest  periods  is  not  given  in  the  Table. 

Example  4. — What  is  the  amount  of  $1  for  82  years  at  6  per  cent 
compounded  annually?  In  Table  A,  opposite  41  (which  is  1/2 
of  82)  and  under  6  per  cent  we  find  10.90.  The  amount  for  82 
yearsis  10.90^=  $118.81  ±.     Answer,     (Explanation  :s"  =  (s"/ 2)  2 

=    (sn/3)3    =    (s«/4)4^etC.) 

Example  5. — What  is  the  amount  of  $1  for  40  years  at  8  per  cent 
compounded  quarterly?  The  number  of  interest  periods  is 
/in  =  4  X  40  =  160,  which  is  beyond  the  reach  of  the  Table. 
i/h  =  0.08/4=  0.02.  In  Table  A,  opposite  "40"  and  under  "2 
per   cent,"  find  2.208.     The  required  amount  is 

2.208*  =  $22.69.     Answer, 
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Table  A. — Compound  Amount  (s")  of  1 
For  n  years  when  interest  is  compounded  annually  at 


n          I 

2%     \2-i.i% 

3% 

3-^%      4%    |4-^^% 

•   5% 

6% 

7% 

6% 

1 

1.020 

1.025 

1.030 

1.035 

1.040 

1.045 

1.050 

1.060 

1.070 

1.080 

2 

1.040 

1.051 

1.061 

1.071 

1.082 

1.092 

1.103 

1.124 

1.145 

1.166 

3 

1.061 

1.077 

1.092 

1.109 

1.125 

1.141 

1.158 

1.191 

1.225 

1.260 

4 

1.082 

1.104 

1.126 

1.148 

1.170 

1.193 

1.216 

1.262 

1.311 

1.360 

5 

1.104 

1.131 

1.159 

1.188 

1.217 

1.246 

1.276 

1.338 

1.403 

1.469 

6 

1.126 

1.160 

1.194 

1.229 

1.265 

1.302 

1.340 

1.419 

1.501 

1.587 

7 

1.149 

1.189 

1.230 

1.272 

1.316 

1.361 

1.407 

1.504 

1.606 

1.714 

8 

1.172 

1.218 

1.267 

1.317 

1.369 

1.422 

1.477 

1.594 

1.718 

1.851 

9 

1.195 

1.249 

1.305 

1.363 

1.423 

1.486 

1.551 

1.689 

1.838 

1.999 

10 

1.219 

1.280 

1.344 

1.411 

1.480 

1.553 

1.629 

1.791 

1.967 

2.159 

11 

1.243 

1.312 

1.384 

1.460 

1.539 

1.623 

1.710 

1.898 

2.105 

2.332 

12 

1.268 

1.345 

1.426 

1.511 

1.601 

1.696 

1.796 

2.012 

2.252 

2.51.8 

13 

1.294 

1.379 

1.469 

1.564 

1.665 

1.772 

1.886 

2.133 

2.410 

2.720 

14 

1.319 

1.413 

1.513 

1.619 

1.732 

1.852 

1.980 

2.261 

2.579 

2.937 

15 

1.346 

1.448 

1.558 

1.675 

1.801 

1.935 

2.079 

2.397 

2.759 

3.172 

16 

1.373 

1.485 

1.605 

1.734 

1.873 

2.022 

2.183 

2.540 

2.952 

3.426 

17 

1.400 

1.522 

1.653 

1.795 

1.948 

2.113 

2.292 

2.693 

3.159 

3.700 

18 

1.428 

1.560 

1.702 

1.857 

2.026 

2.208 

2.407 

2.854 

3.380 

3.996 

19 

1.457 

1.599 

1.754 

1.923 

2.107 

2.308 

2.527 

3.026 

3.617 

4.316 

20 

1.486 

1.639 

1.806 

1.990 

2.191 

2.412 

2.653 

3.207 

3.870 

4.661 

21      N 

1.516 

1.680 

1.860 

2.059 

2.279 

2.520 

2.786 

3.400 

4.141 

5.034 

22 

1.546 

1.722 

1.916 

2.132 

2.370 

2.634 

2.925 

3.604 

4.430 

5.437 

23 

1.577 

1.765 

1.974 

2.206 

2.465 

2.752 

3.072 

3.820 

4.741 

5.871 

24 

1.608 

1.809 

2.033 

2.283 

2.563 

2.876 

3.225 

4.049 

5.072 

6.341 

25 

1.641 

1.854 

2.094 

2.363 

2.666 

3.005 

3.386 

4.292 

5.427 

6.848 

26 

1.673 

1.900 

2.157 

2.446 

2.772 

3.141 

3.556 

4.549 

5.807 

7.396 

27 

1.707 

1.948 

2.221 

2.532 

2.883 

3.282 

3.733 

4.822 

6.214 

7.988 

28 

1.741 

1.996 

2.288 

2.620 

2.999 

3.430 

3.920 

5.112 

6.649 

8.627 

29 

1.776 

2.046 

2.357 

2.712 

3.119 

3.584 

4.116 

5.418 

7.114 

9.317 

30 

1.811 

2.098 

2.427 

2.807 

3.243 

3.745 

4.322 

5.743 

7.612 

10.06 

31 

1.848 

2.150 

2.500 

2.905 

3.373 

3.914 

4.538 

6.088 

8.145 

10.87 

32 

1.885 

2.204 

2.575 

3.007 

3.508 

4.090 

4.765 

6.453 

8.715 

11.74 

33 

1.922 

2.259 

2.652 

3.112 

3.648 

4.274 

5.003 

6.841 

9.325 

12.68 

34 

1.961 

2.315 

2.732 

3.221 

3.794 

4.466 

5.253 

7.251 

9.978 

13.69 

35 

2.000 

2.373 

2.814 

3.334 

3.946 

4.667 

5.516 

7.686 

10.68 

14.79 

36 

2.040 

2.433 

2.898 

3.450 

4.104 

4.877 

6.792 

8.147 

11.42 

15.97 

37 

2.081 

2.493 

2.985 

3.571 

4.268 

5.097 

6.081 

8.636 

12.22 

17.25 

38 

2.122 

2.556 

3.075 

3.696 

4.439 

5.326 

6.385 

9.154 

13.08 

18.63 

39 

2.165 

2.620 

3.167 

3.825 

4.616 

5.566 

6.705 

9.704 

13.99 

20.12 

40 

2.208 

2.685 

3.262 

3.959 

4.801 

5.816 

7.040 

10.29 

14.97 

21.72 

41 

2.252 

2.752 

3.360 

4.098 

4.993 

6.078 

7.392 

10.90 

16.02 

23.46 

42 

2.297 

2.821 

3.461 

4.241 

5.193 

6.352 

7.762 

11.56 

17.14 

25.34 

43 

2.343 

2.892 

3.565 

4.390 

5.400 

6.637 

8.150 

12.25 

18.34 

27.37 

44 

2.390 

2.964 

3.671 

4.543 

5.617 

6.936 

8.557 

12.99 

19.63 

29.56 

45 

2.438 

3.038 

3.782 

4.702 

5.841 

7.248 

8.985 

13.76 

21.00 

31.92 

46 

2.487 

3.114 

3.895 

4.867 

6.075 

7.574 

9.434 

14.59 

22.47 

34.47 

47 

2.536 

3.192 

4.012 

5.037 

6.318 

7.915 

9.906 

15.47 

24.05 

37.23 

48 

2.587 

3.271 

4.132 

5.214 

6.571 

8.271 

10.40 

16.39 

25.73 

40.21 

49 

2.639 

3.3.^3 

4.256 

5.396 

6.833 

8.644 

10.92 

17.38 

27.53 

43.43 

50 

2.692 

3.437 

4.384 

5.585 

7.107 

9.033 

11.47 

18.42 

29.46 

46.90 

55 

2.972 

3.889 

5.082 

6.633 

8.646 

11.26 

14.64 

24.65 

41.32 

68.91 

60 

3.281 

4.400 

5.892 

7.878 

10.52 

14.03 

18.68 

32.99 

57.95 

101.3 

65 

3.623 

4.978 

6.830 

9.357 

12.80 

17.48 

23.84 

44.14 

81.27 

148.8 

70 

4.000 

5.632 

7.918 

11.11 

15.57 

21.78 

30.43 

59.08 

114.0 

218.6 

75 

4.416 

6.372 

9.179 

13.20 

18.95 

27.15 

38.83 

79.06 

159.9 

321.2 

80 

4.875 

7.210 

10.64 

15.68 

23.05 

33.83 

49.56 

105.8 

224.2 

472.0 

85 

5.383 

8.157 

12.34 

18.62 

28.04 

42.16 

63.25 

141.6 

314.5 

693.5 

90 

5.943 

9.229 

14.30 

22.11 

34.12 

52.54 

80.73 

189.5 

441.1 

1019.0 

95 

6.562 

10.44 

16.58 

26.26 

41.51 

65.47 

103.0 

253.5 

618.7 

1497.0 

100 

7.245 

11.81 

19.22 

31.19 

50.50 

81 .  59 

131.5 

339.3 

867.7 

2200. 
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USE  OF  TABLE  B 

Table  B  gives  the  value  of  p"  of  Eq.  20b,  Table  II,  for  given 
values  of  i,  h,  and  n. 

When  interest  is  compounded  annually. 

Example  1. — What  is  the  present  worth  of  $1  due  17  years  hence, 
=  $0.0929+.  (Explanation:  p^  =  {p'^^^Y  =  (p"/3)3  ^nd  so  on.) 
interest  being  at  5  per  cent  compounded  annually?  Opposite 
"  17"  and  under  '^5  per  cent"  of  Table  B,  we  find  $0.4363,  which 
is  the  required  present  worth. 

Example  2. — What  is  the  present  worth  of  $100  under  the  con- 
ditions above?  For  the  given  conditions  we  find,  as  in  Example  1, 
the  present  worth  of  $1  to  be  $0.4363;  and  multiply  this  by  100, 
obtaining  the  required  present  worth,  $43.63. 

When  interest  is  compounded  semi-annually,  or  quarterly,  etc. 

Example  3. — What  is  the  present  worth  of  $1  due  10  years 
hence,  interest  being  at  8  per  cent  compounded  quarterly?  Here 
A  =  4,  and  n  =  10;  hence  the  number  of  interest  periods  is 
hn  =  40.  i/h  =  0.08/4  =  0.02.  Opposite  "40"  and  under  "2 
per  cent''  of  Table  B,  we  find  $0.4529,  which  is  the  required 
present  worth. 

When  the  number  of  interest  periods  is  not  given  in  the  table. 

Example  4. — What  is  the  present  worth  of  $1  due  60  years 
hence,  with  interest  at  4  per  cent  compounded  semi-annually? 
Here  the  number  of  interest  periods  is  hn  =  2  X  QO  =  120,  which 
is  not  in  the  table.  60,  which  is  one-half  of  120,  is  in  the  table. 
i/h  =  0.04/2  =  0.02.  Opposite  ''60"  and  under  "2  per  cent," 
in  Table  B,  we  find  0.3048.     The  required  present  worth  is  0.30482. 
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Table  B. — Present  Worth  i.p'*)  of  1 
Due  n  years  hence,  when  interest  is  compounded  annually  at 


71 

2%   1  2-H% 

iJ%  IM^% 

4% 

44^% 

5%" 

6% 

7%   1  8% 

1 

0.9804 

0.9756 

0.9709 

0.9662 

0.9615 

0.9569 

0.9524 

0.9434 

0.9346 

0.9259 

2 

0.9612 

0.9518 

0.9426 

0.9335 

0.9246 

0.9157 

0.9070 

0.8900 

0.8734 

0.8573 

3 

0.9423 

0.9286 

0.9151 

0.9019 

0.8890 

0.8763 

0.8638 

0.8396 

0.8163 

0.7938 

4 

0.9238 

0.9060 

0.8885 

0.8714 

0.8548 

0.8386 

0,8227 

0.7921 

0.7629 

0.7350 

5 

0.9057 

0.8839 

0.8626 

0.8420 

0.8219 

0.8025 

0,7835 

0.7473 

0.7130 

0.6806 

6 

0.8880 

0.8623 

0.8375 

0.8135 

0.7903 

0.7679 

0,7462 

0.7050 

0.6663 

0.6302 

7 

0.8706 

0.8413 

0.8131 

0.7860 

0.7599 

0.7348 

0,7107 

0.6651 

0.6227 

0.5835 

8 

0.8535 

0.8207 

0.7894 

0.7594 

0.7307 

0.7032 

0.6768 

0.6274 

0.5820 

0.5403 

9 

0.8368 

0.8007 

0.7664 

0.7337 

0.7026 

0.6729 

0.6446 

0.5919 

0.5439 

0.5002 

10 

0.8203 

0.7812 

0.7441 

0.7089 

0.6756 

0.6439 

0,6139 

0.5584 

0.5083 

0.4632 

11 

0.8043 

0.7621 

0.7224 

0.6849 

0.6496 

0.6162 

0.5847 

0.5268 

0.4751 

0.4289 

12 

0.7885 

0.7436 

0.7014 

0.6618 

0.6246 

0.5897 

0.5568 

0.4970 

0.4440 

0.3971 

13 

0.7730 

0.7254 

0.6810 

0.6394 

0.6006 

0.5643 

0.5303 

0.4688 

0.4150 

0.3677 

14 

0.7579 

0.7077 

0.6611 

0.6178 

0.5775 

0.5400 

0.5051 

0.4423 

0.3878 

0.3405 

15 

0.7430 

0.6905 

0.6419 

0.5969 

0.5553 

0.5167 

0.4810 

0.4173 

0.3624 

0.3152 

16 

0.7284 

0.6736 

0.6232 

0.5767 

0.5339 

0.4945 

0.4581 

0.3936 

0.3387 

0.2919 

17 

0.7142 

0.6572 

0.6050 

0.5572 

0.5134 

0.4732 

0.4363 

0.3714 

0.3166 

0.2703 

18 

0.7002 

0.6412 

0.5874 

0.5384 

0.4936 

0.4528 

0.4155 

0.3503 

0.2959 

0.2502 

19 

0.6864 

0.6255 

0.5703 

0.5202 

0.4746 

0.4333 

0.3957 

0.3305 

0.2765 

0,2317 

20 

0.6730 
0.6598 

0.6103 

0.5537 

0.5026 

0.4564 

0.4146 

0.3769 

0.3118 

0.2584 

0,2145 

21 

0.5954 

0.5375 

0.4856 

0.4388 

0.3968 

0.3589 

0.2942 

0.2415 

0.1987 

22 

0.6468 

0.5809 

0.5219 

0.4692 

0.4220 

0.3797 

0.3418 

0.2775 

0.2257 

0.1839 

23 

0.6342 

0.5667 

0.5067 

0.4533 

0.4057 

0.3634 

0.3256 

0.2618 

0.2109 

0.1703 

24 

0.6217 

0.5529 

0.4919 

0.4380 

0.3901 

0.3477 

0.3101 

0.2470 

0.1971 

0,1577 

25 

0.6095 

0.5394 

0.4776 

0.4231 

0.3751 

0.3327 

0.2953 

0.2330 

0.1842 

0.1460 

26 

0.5976 

0.5262 

0.4637 

0.4088 

0.3607 

0.3184 

0.2812 

0.2198 

0.1722 

0.1352 

27 

0.5859 

0.5134 

0.4502 

0.3950 

0.3468 

0.3047 

0.2678 

0.2074 

0.1609 

0.1252 

28 

0.5744 

0.5009 

0.4371 

0.3817 

0.3335 

0.2916 

0.2551 

0.1956 

0.1504 

0.1159 

29 

0.5631 

0.4887 

0.4243 

0.3687 

0.3207 

0,2790 

0.2429 

0.1846 

0.1406 

0.1073 

30 

0.5521 

0.4767 

0.4120 

0.3563 

0.3083 

0.2670 

0.2314 

0.1741 

0.1314 

0.0994 

31 

0.5412 

0.4651 

0.4000 

0.3442 

0.2965 

0.2555 

0.2204 

0.1643 

0.1228 

0,0920 

32 

0.5306 

0.4538 

0.3883 

0.3326 

0.2851 

0.2445 

0.2099 

0.1550 

0.1147 

0,0852 

33 

0.5202 

0.4427 

0.3770 

0.3213 

0.2741 

0.2340 

0.1999 

0.1462 

0.1072 

0,0789 

34 

0.5100 

0.4319 

0.3660 

0.3105 

0.2636 

0.2239 

0.1904 

0.1379 

0.1002 

0,0730 

35 

0.5000 

0.4214 

0.3554 

0.3000 

0.2534 

0.2143 

0.1813 

0.1301 

0.0937 

0.0676 

36 

0.4902 

0.4111 

0.3450 

0.2898 

0.2437 

0.2050 

0.1727 

0.1227 

0.0875 

0.0626 

37 

0.4806 

0.4011 

0.3350 

0.2800 

0.2343 

0.1962 

0.1644 

0.1158 

0.0818 

0.0580 

38 

0.4712 

0.3913 

0.3252 

0.2706 

0.2253 

0.1878 

0.1566 

0.1092 

0.0765 

0.0537 

39 

0.4619 

0.3817 

0.3158 

0.2614 

0.2166 

0.1797 

0.1491 

0.1031 

0.0715 

0.0497 

40 

0.4529 

0.3724 

0.3066 

0.2526 

0.2083 

0.1719 

0.1420 

0,0972 

0.0668 

0.0460 

41 

0.4440 

0.3633 

0.2976 

0.2440 

0.2003 

0.1645 

0.1353 

0.0917 

0.0624 

0,0426 

42 

0.4353 

0.3545 

0.2890 

0.2358 

0.1926 

0.1574 

0.1288 

0.0865 

0.0583 

0,0395 

43 

0.4268 

0.3458 

0.2805 

0.2278 

0.1852 

0.1507 

0.1227 

0.0816 

0.0545 

0,0365 

44 

0.4184 

0.3374 

0.2724 

0.2201 

0.1780 

0.1442 

0.1169 

0.0770 

0.0509 

0.0338 

45 

0.4102 

0.3292 

0.2644 

0.2127 

0.1712 

0.1380 

0.1113 

0.0727 

0.0476 

0.0313 

46 

0.4022 

0.3211 

0.2567 

0.2055 

0.1646 

0.1320 

0.1060 

0.0685 

0.0445 

0.0290 

47 

0.3943 

0.3133 

0.2493 

0.1985 

0.1583 

0.1263 

0.1009 

0.0647 

0.0416 

0.0269 

48 

0.3865 

0.3057 

0.2420 

0.1918 

0.1522 

0.1209 

0.0961 

0.0610 

0.0389 

0.0249 

49 

0.3790 

0.2982 

0.2350 

0.1853 

0.1463 

0.1157 

0.0916 

0.0575 

0.0363 

0.0230 

50 

0.3715 

0.2909 

0.2281 

0.1791 

0.1407 

0.1107 

0.0872 

0.0543 

0.0339 

0.0213 

55 

0.3365 

0.2572 

0.1968 

0.1508 

0.1157 

0.0888 

0.0683 

0.0406 

0.0242 

0,0145 

60 

0.3048 

0.2273 

0.1697 

0.1269 

0.0951 

0.0713 

0.0535 

0.0303 

0.0173 

0,0099 

65 

0.2761 

0.2009 

0.1464 

0.1069 

0.0781 

0.0572 

0.0419 

0.0227 

0.0123 

0.0067 

70 

0.2500 

0.1776 

0.1263 

0.0900 

0.0642 

0.0459 

0.0329 

0.0169 

0.0088 

0.0046 

75 

0.2265 

0.1569 

0.1089 

0.0758 

0.0528 

0.0368 

0.0258 

0.0127 

0.0063 

0.0031 

80 

0.2051 

0.1387 

0.0940 

0.0638 

0.0434 

0.0296 

0.0202 

0.0095 

0.0045 

0.0021 

85 

0.3858 

0.1226 

0.0811 

0.0537 

0.0357 

0.0237 

0.0158 

0.0071 

0.0032 

0.0014 

90 

0.1683 

0.1084 

0.0699 

0.0452 

0.0293 

0.0190 

0.0124 

0.0053 

0.0023 

0.0010 

95 

0.1524 

0.0958 

0.0603 

0.0381 

0.0241 

0.0153 

0.0097 

0.0039 

0.0016 

0,0007 

100 

0.1,380 

0.0846 

0.0520 

0.0321 

0.0108 

0.0123 

0.0076 

0.0029 

0.0012 

o.ooor, 

10 
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USE  OF  TABLE  C 

Table  C  gives  the  value  of  Zn  of  Eq.  31,  Table  III,  for  given 
values  of  i,  h,  and  n. 

When  the  deposit  is  made  at  the  end  of  each  year  and  interest  is 
compounded  annually. 

Example  1. — At  the  end  of  each  year  for  20  years  we  deposit 
$1  in  a  savings  bank  which  pays  4  per  cent  compounded  annually. 
What  is  the  amount  of  the  sinking  fund  thus  created?  In  Table  C, 
opposite  "20"  and  under  "4  per  cent,"  we  find  $29.78,  which  is 
the  required  amount. 

Example  2. — If  the  deposit  were  $100,  instead  of  $1,  in  the 
foregoing  example,  the  required  amount  would  be  100  X  29.78 
=  $2978  +  . 

When  the  deposit  is  made  at  the  end  of  each  half-year  and  interest 
is  compounded  semi-annvMlly . 

Example  3. — If  we  deposit  $1  at  the  end  of  each  half-year  for 
10  years,  and  interest  on  deposits  is  8  per  cent  compounded  semi- 
annually, what  is  the  amount  of  the  series  of  deposits?  i/h 
=  0.08/2  =  0.04;  and /in  =  2  X  10  =  20.  In  Table  C,  opposite 
"  20  "  and  under  ''4  per  cent,"  we  find  $29.78,  which  is  the  required 
amount. 

When  the  deposit  is  made  at  the  end  of  each  interest  period, 
whether  the  interest  period  be  one-half  year,  or  one-fourth  year, 
or  one-sixth  year,  find  the  required  amount  in  Table  C,  opposite 
hn  and  under  lOOi/h  per  cent. 
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Table  C. — Amount  of  Series  (z^)  or  Series  Accumulation  Factor 


Amount  of  n  yr.  series  of  year-end  payments  of 
pounded  annually  at  — 


1  each,  with  interest  com- 


n 

2% 

2-i^%\    3% 

|3-H% 

1      4% 

1  4-1^  %  I     5  % 

6%     1  7% 

r~8^' 

1 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

2 

2.020 

2.025 

2.03C 

2.035 

2.040 

2.045 

2.05C 

2.06C 

2.07C 

2.080 

3 

3.060 

3.076 

3.091 

3.106 

3.122 

3.137 

3.153 

3.184 

3.215 

3.246 

4 

4.122 

4.153 

4.184 

4.215 

4.246 

4.278 

4.31C 

4.375 

4.44C 

4.506 

5 

5.204 

5.256 

5.309 

5.362 

5.416 

5.471 

5.526 

5.637 

5.751 

5.867 

6 

6.308 

6.388 

6.468 

6.550 

6.633 

6.717 

6.802 

6.975 

7.153 

7.336 

7 

7.434 

7.547 

7.662 

7.779 

7.898 

8.019 

8.142 

8.394 

8.654 

8.923 

8 

8.583 

8.736 

8.892 

9.052 

9.214 

9.380 

9.549 

9.897 

10.26 

10.64 

9 

9.755 

9.955 

10.16 

10.37 

10.58 

10.80 

11.03 

11.49 

11.98 

12.49 

10 

10.95 

11.20 

11.46 

11.73 

12.01 

12.29 

12.58 

13.18 

13.82 

14.49 

11 

12.17 

12.48 

12.81 

13.14 

13.49 

13.84 

14.21 

14.97 

15.78 

16.65 

12 

13.41 

13.80 

14.19 

14. 6C 

15.03 

15.46 

15.92 

16.87 

17.89 

18.98 

13 

14.68 

15.14 

15.62 

16.11 

16.63 

17.16 

17.71 

18.88 

20.14 

21.50 

14 

15.97 

16.52 

17.09 

17.68 

18.29 

18.93 

19.60 

21.02 

22.55 

24.21 

15 

17.29 

17.93 

18.60 

19. 3C 

20.02 

20.78 

21.58 

23.28 

25.13 

27.15 

16 

18.64 

19.38 

20.16 

20.97 

21.82 

22.72 

23.66 

25.67 

27.89 

30.32 

17 

20.01 

20.86 

21.76 

22.71 

23.70 

24.74 

25.84 

28.21 

30.84 

33.75 

18 

21.41 

22.39 

23.41 

24. 5C 

25.65 

26.86 

28.13 

30.91 

34.00 

37.45 

19 

22.84 

23.95 

25.12 

26.36 

27.67 

29.06 

30.54 

33.76 

37.38 

41.45 

20 

24.30 

25.54 

26.87 

28.28 

29.78 

31.37 

33.07 

36.79 

41.00 

45.76 

21 

25.78 

27.18 

28.68 

30.27 

31.97 

33.78 

35.72 

39.99 

44.87 

50.42 

22 

27.30 

28.86 

30.54 

32.33 

34.25 

36.30 

38.51 

43.39 

49.01 

55.46 

23 

28.84 

30.58 

?2.45 

34.46 

36.62 

38.94 

41.43 

47.00 

53.44 

60.89 

24 

30.42 

32.35 

34.43 

36.67 

39.08 

41.69 

44.50 

50.82 

58.18 

66.76 

25 

32.03 

34.16 

36.46 

38.95 

41.65 

44.57 

47.73 

54.86 

63.25 

73.11 

26 

33.67 

36.01 

38.55 

41.31 

44.31 

47.57 

51.11 

59.16 

68.68 

79.95 

27 

35.34 

37.91 

40.71 

43.76 

47.08 

50.71 

54.67 

63.71 

74.48 

87.35 

28 

37.05 

39.86 

42.93 

46.29 

49.97 

53.99 

58.40 

68.53 

80.70 

95.34 

29 

38.79 

41.86 

45.22 

48.91 

52.97 

57.42 

62.32 

73.64 

87.35 

104.0 

30 

40.57 

43.90 

47.58 

51.62 

56.08 

61.01 

66.44 

79.06 

94.46 

113.3 

31 

42.38 

46.00 

50.00 

54.43 

59.33 

64.75 

70.76 

84.80 

102.1 

123.3 

32 

44.23 

48.15 

52.50 

57.33 

62.70 

68.67 

75.30 

90.89 

110.2 

134.2 

33 

46.11 

50.35 

55.08 

60.34 

66.21 

72.76 

80.06 

97.34 

118.9 

146.0 

34 

48.03 

52.61 

57.73 

63.45 

69.86 

77.03 

85.07 

104.2 

128.3 

158.6 

35 

49.99 

54.93 

60.46 

66.67 

73.65 

81.50 

90.32 

111.4 

138.2 

172.3 

36 

51.99 

57.30 

63.28 

70.01 

77.60 

86.16 

95.84 

119.1 

148.9 

187.1 

37 

54.03 

59.73 

66.17 

73.46 

81.70 

91.04 

101.6 

127.3 

160.3 

203.1 

38 

56.11 

62.23 

69.16 

77.03 

85.97 

96.14 

107.7 

135.9 

172.6 

220.3 

39 

58.24 

64.78 

72.23 

80.72 

90.41 

101.5 

114.1 

145.1 

185.6 

238.9 

40 

60.40 

67.40 

75.40 

84.55 

95.03 

107.0 

120.8 

154.8 

199.6 

259.1 

41 

62.61 

70.09 

78.66 

88.51 

99.83 

112.8 

127.8 

165.0 

214.6 

280.8 

42 

64.86 

72.84 

82.02 

92.61 

104.8 

118.9 

135.2 

176.0 

230.6 

304.2 

43 

67.16 

75.66 

85.48 

96.85 

110.0 

125.3 

143.0 

187.5 

247.8 

329.6 

44 

69.50 

78.55 

89.05 

101.2 

115.4 

131.9 

151.1 

199.8 

266.1 

356.9 

45 

71.89 

81.52 

92.72 

105.8 

121.0 

138.8 

159.7 

212.7 

285.7 

386.5 

46 

74.33 

84.55 

96.50 

110.5 

126.9 

146.1 

168.7 

226.5 

306.8 

418.4 

47 

76.82 

87.67 

100.4 

115.4 

132.9 

153.7 

178.1 

241.1 

329.2 

452.9 

48 

79.35 

90.86 

104.4 

120.4 

139.3 

161.6 

188.0 

256.6 

353.3 

490.1 

49 

81.94 

94.13 

108.5 

125.6 

145.8 

169.9 

198.4 

273.0 

379.0 

530.3 

50 

84.58 

97.48 

112.8 

131.0 

152.7 

178.5 

209.3 

290.3 

406.5 

573.8 

65 

98.59 

115.6 

136.1 

160.9 

191.2 

227.9 

272.7 

394.2 

575.9 

848.9 

60 

114.1 

136.0 

163.1 

196.5 

238.0 

289.5 

353.6 

533.1 

813.6 

1253. 

65 

131.1 

159.1 

194.3 

238.8 

295.0 

366.2 

456.8 

719.1 

1147. 

1847. 

70 

150.0 

185.3 

230.6 

288.9 

364.3 

461.9 

588.5 

967.9 

1614. 

2720. 

75 

170.8 

214.9 

272.6 

348.5 

448.6 

581.0 

756.7 

1301. 

2270. 

4003. 

80 

193.8 

248.4 

321.4 

419.3 

551.2 

729.6 

971.2 

1747. 

3189. 

6887. 

85 

219.1 

286.3 

377.9 

503.4 

676.1 

914.6 

1245. 

2343. 

4479. 

8656. 

90 

247.2 

329.2 

443.3 

603.2 

828. 

1145. 

1595. 

3141, 

6287. 

12724. 

95 

278.1 

377.7 

519.3 

721.8 

1013. 

1433. 

2041. 

4209. 

8824. 

18702. 

100 

312.2 

432.5 

607.3 

862.6 

1238. 

1791. 

2610. 

5638. 

12382. 

27485. 
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USE  OF  TABLE  D 

Table  D  gives  values  of  Wn  of  Eq.  32,  Table  III,  for  given  values 
of  i,  h,  and  n. 

When  the  payment  is  made  {or  avoided)  at  the  end  of  each  year, 
and  interest  is  compounded  annually. 

Example  1. — What  can  we  afford  to  pay  now  in  order  to  effect 
a  saving  of  $1  at  the  end  of  each  year  for  seven  years,  if  money 
is  worth  8  per  cent  compounded  annually?  In  Table  D,  op- 
posite ''7"  and  under  '*8  per  cent,"  we  find  $5,206,  which  is  the 
required  present  sum. 

Example  2. — What  is  the  capitalized  value  of  a  yearly  expense 
of  SlOO  for  25  years,  if  interest  is  6  per  cent  compounded  annu- 
ally? Opposite  "25"  and  under  "6  per  cent,"  Table  D,  we 
find  $12.78,  which  multiplied  by  100  gives  $1278  +  ,  which  is  the 
capitalized  value  sought. 

When  the  payment  is  made  {or  avoided)  at  the  end  of  each 
interest  period  which  is  less  than  one  year. 

Example  3. — What  principal  is  required  to  yield  an  annuity 
of  $200,  one-half  of  which  is  to  be  paid  at  the  end  of  each  half- 
year,  for  14  years,  if  interest  is  6  per  cent  compounded  semi- 
annually? i/h  =  0.06/2  =  0.03,  An  =  2  X  14  =  28.  Opposite 
''28"  and  under  "3  per  cent,"  Table  D,  we  find  $18.76;  and  this 
multiplied  by  100  gives  $1876  +  ,  which  is  the  required  principal. 
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Table  D. — Present  Worth  of  Series  (wn)  or  Series  Discount  Factor 

Present  worth  of  n  yr.  series  of  year-end  payments  of  1  each,  with  interest 

compounded  annually  at 


n         ^%      1 

2=W%- 

3%      1 

^-H%\ 

4%      1   44^%  1 

5%     1 

6%     1 

y%  1 

8'%- 

1 

0.9804 

0.9756 

0.9709 

0.9662 

0.9615 

0.9569 

0.9524 

0.9434 

0.9346 

0.9259 

2 

1.942 

1.927 

1.913 

1.900 

1.886 

1.873 

1.859 

1.833 

1.808 

1.783 

3 

2.884 

2.856 

2.829 

2.802 

2.775 

2.749 

2.723 

2.673 

2.624 

2.577 

4 

3.808 

3.762 

3.717 

3.673 

3.630 

3.588 

3.546 

3.465 

3.387 

3.312 

5 

4.713 

4.646 

4.580 

4.515 

4.452 

4.390 

4.329 

4.212 

4.100 

3.993 

6 

5.601 

5.508 

5.417 

5.329 

5.242 

5.158 

5.076 

4.917 

4.767 

4.623 

7 

6.472 

6.349 

6.230 

6.115 

6.002 

5.893 

5.786 

5.582 

5.389 

5.206 

8 

7.325 

7.170 

7.020 

6.874 

6.733 

6.596 

6.463 

6.210 

5.971 

5.747 

9 

8.162 

7.971 

7.786 

7.608 

7.435 

7.269 

7.108 

6.802 

6.515 

6.247 

10 

8.983 

8.752 

8.530 

8.317 

8.111 

7.913 

7.722 

7.360 

7.024 

6.710 

11 

9.787 

9.514 

9.253 

9.002 

8.760 

8.529 

8.306 

7.887 

7.499 

7.139 

12 

10.58 

10.26 

9.954 

9.663 

9.385 

9.119 

8.863 

8.384 

7.943 

7.536 

13 

11.35 

10.98 

10.63 

10.30 

9.986 

9.683 

9.394 

8.853 

8.358 

7.904 

14 

12.11 

11.69 

11.30 

10.92 

10.56 

10.22 

9.899 

9.295 

8.745 

8.244 

15 

12.85 

12.38 

11.94 

11.52 

11.12 

10.74 

10.38 

9.712 

9.108 

8.559 

16 

13.58 

13.06 

12.56 

12.09 

11.65 

11.23 

10.84 

10.11 

9.447 

8.851 

17 

14.29 

13.71 

13.17 

12.65 

12.17 

11.71 

11.27 

10.48 

9.763 

9.122 

18 

14.99 

14.35 

13.75 

13.19 

12.66 

12.16 

11.69 

10.83 

10.06 

9.372 

19 

15.68 

14.98 

14.32 

13.71 

13.13 

12.59 

12.09 

11.16 

10.24 

9.604 

20 

16.35 

15.59 

14.88 

14.21 

13.59 

13.01 

12.46 

11.47 

10.59 

9.818 

21 

17.01 

16.18 

15.42 

14.70 

14.03 

13.40 

12.82 

11.76 

10.84 

10.02 

22 

17.66 

16.77 

15.94 

15.17 

14.45 

13.78 

13.16 

12.04 

11.06 

10.20 

23 

18.29 

17.33 

16.44 

15.62 

14.86 

14.15 

13.49 

12.30 

11.27 

10.37 

24 

18.91 

17.88 

16.94 

16.06 

15.25 

14.50 

13.80 

12.55 

11.47 

10.53 

25 

19.52 

18.42 

17.41 

16.48 

15.62 

14.83 

14.09 

12.78 

11.65 

10.67 

26 

20.12 

18.95 

17.88 

16.89 

15.98 

15.15 

14.38 

13.00 

11.83 

10.81 

27 

20.71 

19.46 

18.33 

17.29 

16.33 

15.45 

14.64 

13.21 

11.99 

10.94 

28 

21.28 

19.96 

18.76 

17.67 

16.66 

15.74 

14.90 

13.41 

12.14 

11.05 

29 

21.84 

20.45 

19.19 

18.04 

16.98 

16.02 

15.14 

13.59 

12.28 

11.16 

30 

22.40 

20.93 

19.60 

18.39 

17.29 

16.29 

15.37 

13.76 

12.41 

11.26 

31 

22.94 

21.40 

20.00 

18.74 

17.59 

16.54 

15.59 

13.93 

12.53 

11.35 

32 

23.47 

21.85 

20.39 

19.07 

17.87 

16.79 

15.80 

14.08 

12.65 

11.43 

33 

23.99 

22.29 

20.77 

19.39 

18.15 

17.02 

16.00 

14.23 

12.75 

11.51 

34 

24.50 

22.72 

21.13 

19.70 

18.41 

17.25 

16.19 

14.37 

12.85 

11.59 

35 

25.00 

23.15 

21.49 

20.00 

18.66 

17.46 

16.37 

14.50 

12.95 

11.65 

36 

25.49 

23.56 

21.83 

20.29 

18.91 

17.67 

16.55 

14.62 

13.04 

11.72 

37 

25.97 

23.96 

22.17 

20.57 

19.14 

17.86 

16.71 

14.74 

13.12 

11.78 

38 

26.44 

24.35 

22.49 

20.84 

19.37 

18.05 

16.87 

14.85 

13.19 

11.83 

39 

26.90 

24.73 

22.81 

21.10 

19.58 

18.23 

17.02 

14.95 

13.26 

11.88 

40 

27.36 

25.10 

23.11 

21.36 

19.79 

18.40 

17.16 

15.05 

13.33 

11.92~ 

41 

27.80 

25.47 

23.41 

21.60 

19.99 

18.57 

17.29 

15.14 

13.39 

11.97 

42 

28.23 

25.82 

23.70 

21.83 

20.19 

18.72 

17.42 

15.22 

13.45 

12.01 

43 

28.66 

26.17 

23.98 

22.06 

20.37 

18.87 

17.55 

15.31 

13.51 

12.04 

44 

29.08 

26.50 

24.25 

22.28 

20.55 

19.02 

17.66 

15.38 

13.56 

12.08 

45 

29.49 

26.83 

24.52 

22.50 

20.72 

19.16 

17.77 

15.46 

13.61 

12.11 

46 

29.89 

27.15 

24.78 

22.70 

20.88 

19.29 

17.88 

15.52 

13.65 

12.14 

47 

30.29 

27.47 

25.02 

22.90 

21.04 

19.41 

17.98 

15.59 

13.69 

12.16 

48 

30.67 

27.77 

25.27 

23.09 

21.20 

19.54 

18.08 

15.65 

13.73 

12.19 

49 

31.05 

28.07 

25.50 

23.28 

21.34 

19.65 

18.17 

15.71 

13.77 

12.21 

50 

31.42 

28.36 

25.73 

23.46 

21.48 

19.76 

18.26 

15.76 

13.80 

12.23 

55 

33.17 

29.71 

26.77 

24.26 

22.11 

20.25 

18.63 

15.99 

13.94 

12.32 

60 

34.76 

30.91 

27.68 

24.94 

22.62 

20.64 

18.93 

16.16 

14.04 

12.38 

65 

36.20 

31.96 

28.45 

25.52 

23.05 

20.95 

19.16 

16.29 

14.11 

12.42 

70 

37.50 

32.90 

29.12 

26.00 

23.39 

21.20 

19.34 

16.38 

14.16 

12.44 

75 

38.68 

33.72 

29.70 

26.41 

23.68 

21.40 

19.48 

16.46 

14.20 

12.46 

80 

39.74 

34.45 

30.20 

26.75 

23.92 

21.57 

19.60 

16.51 

14.22 

12.47 

85 

40.71 

35.10 

30.63 

27.04 

24.11 

21.70 

19.68 

16.55 

14.24 

12.48 

90 

41.59 

35.67 

31.00 

27.28 

24.27 

21.80 

19.75 

16.58 

14.25 

12.49 

95 

42.38 

36.17 

31.32 

27.48 

24.40 

21.88 

19.81 

16.60 

14.26 

12.49 

100 

43.10 

36.61 

31.60 

27.66 

24.50 

121.95 

19.85 

16.62 

14.27 

12.49 

I. 
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USE  OF  TABLE  E 

Table  E  gives  the  value  of  dn  of  Eq.  33,  Table  III,  for  given 
values  of  i,  h,  and  n. 

When  the  deposit  is  made  at  the  end  of  each  year  and  interest  is 
compounded  annually. 

Example  1. — What  sum  must  be  deposited  at  the  end  of  each 
year  in  a  savings  bank  paying  4  per  cent  compounded  annually, 
in  order  that  the  accumulation  at  the  end  of  18  years  may  be  $1? 
Opposite  *'18"  and  under  "4  per  cent,"  Table  E,  wefindSO.0390, 
which  is  the  required  deposit. 

Example  2. — What  end-of-year  deposit  is  required  to  redeem 
$2000  at  the  end  of  seven  years,  if  interest  on  deposits  is  5  per 
cent  compounded  annually?  Opposite  '^7"  and  under  "5  per 
cent  /'  Table  E,  we  find  $0.1228,  which  multiplied  by  2000  gives 
$245.60  +  ,  which  is  the  deposit  required. 

When  the  deposit  is  mxide  at  the  end  of  each  interest  period  which  is 
less  than  one  year. 

Example  3. — What  deposit  is  required  at  the  end  of  each 
half-year  to  redeem  $1  at  the  end  of  16  years,  if  interest  on  de- 
posits is  4  per  cent  compounded  semi-annually?  i/h  =  0.04/2  = 
0.02.  hn  =  2X1Q  =  32.  Opposite  ''32''  and  under  *'2  per 
cent/'  Table  E,  we  find  $0.0226,  which  is  the  required  deposit. 
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Table  E. — Annual  Payment  dn  or  Backward  Spreading  Factor 

Annual  year-end  payment  in  an  n  yr.  series  that  amounts  to  1  with  interest 

compounded  annually  at 


n 

2% 

~'2-H% 

3% 

|3-H% 

4% 

4-1-^%  1  5% 

6% 

7% 

-8% 

1 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

2 

0.4950 

0.4938 

0.4926 

0.4914 

0.4902 

0.4890 

0.4878 

0.4854 

0.4831 

0.4808 

3 

0.3268 

0.3251 

0.3235 

0.3219 

0.3203 

0.3188 

0.3172 

0.3141 

0.3111 

0.3080 

4 

0.2426 

0.2408 

0.2390 

0.2373 

0.2355 

0.2337 

0.2320 

0.2286 

0.2252 

0.2219 

6 

0.1922 

0.1902 

0.1884 

0.1865 

0.1846 

0.1828 

0.1810 

0.1774 

0.1739 

0.1705 

6 

0.1585 

0.1565 

0.1546 

0.1527 

0.1508 

0.1489 

0.1470 

0.1434 

0.1398 

0.1363 

7 

0.1345 

0.1325 

0.1305 

0.1285 

0.1266 

0.1247 

0.1228 

0.1191 

0.1156 

0.1121 

8 

0.1165 

0.1145 

0.1125 

0.1105 

0.1085 

0.1066 

0.1047 

0.1010 

0.0975 

0.0940 

9 

0.1025 

0.1005 

0.0984 

0.0964 

0.0945 

0.0926 

0.0907 

0.0870 

0.0835 

0.0801 

~10 

0.0913 

0.0893 

0.0872 

0.0852 

0.0833 

0.0814 

0.0795 

0.0759 

0.0724 

0.0690 

11 

0.0822 

0.0801 

0.0781 

0.0761 

0.0741 

0.0722 

0.0704 

0.0668 

0.0634 

0.0601 

12 

0.0746 

0.0725 

0.0705 

0.0685 

0.0666 

0.0647 

0.0628 

0.0593 

0.0559 

0.0527 

13 

0.0681 

0.0660 

0.0640 

0.0621 

0.0601 

0.0583 

0.0565 

0.0530 

0.0497 

0.0465 

14 

0.0626 

0.0605 

0.0585 

0.0566 

0.0547 

0.0528 

0.0510 

0.0476 

0.0443 

0.0413 

15 

0.0578 

0.0558 

0.0538 

0.0518 

0.0499 

0.0481 

0.0463 

0.0430 

0.0398 

0.0368 

16 

0.0537 

0.0516 

0.0496 

0.0477 

0.0458 

0.0440 

0.0423 

0.0390 

0.0359 

0.0330 

17 

0.0500 

0.0479 

0.0460 

0.0440 

0.0422 

0.0404 

0.0387 

0.0354 

0.0324 

0.0296 

18 

0.0467 

0.0447 

0.0427 

0.0408 

0.0390 

0.0372 

0.0355 

0.0324 

0.0294 

0.0267 

19 

0.^0438 

0.0418 

0.0398 

0.0379 

0.0361 

0.0344 

0.0327 

0.0296 

0.0268 

0.0241 

20" 

0.0412 

0.0391 

0.0372 

0.0354 

0.0336 

0.0319 

0.0302 

0.0272 

0.0244 

0.0219 

21 

0.038S 

0.0368 

0.0349 

0.0330 

0.0313 

0.0296 

0.0280 

0.0250 

0.0223 

0.0198 

22 

0.0366 

0.0346 

0.0327 

0.0309 

0.0292 

0.0275 

0.0260 

0.0230 

0.0204 

0.0180 

23 

0.0347 

0.0327 

0.0308 

0.0290 

0.0273 

0.0257 

0.0241 

0.0213 

0.0187 

0.0164 

24 

0.0329 

0.0309 

0.0290 

0.0273 

0.0256 

0.0240 

0.0225 

0.0197 

0.0172 

0.0150 

25 

0.0312 

0.0293 

0.0274 

0.0257 

0.0240 

0.0224 

0.0210 

0.0182 

0.0158 

0.0137 

26 

0.0297 

0.0278 

0.0259 

0.0242 

0.0226 

0.0210 

0.0196 

0.0169 

0.0146 

0.0125 

27 

0.0283 

0.0264 

0.0246 

0.0229 

0.0212 

0.0197 

0.0183 

0.0157 

0.0134 

0.0114 

28 

0.0270 

0.0251 

0.0233 

0.0216 

0.0200 

0.0185 

0.0171 

0.0146 

0.0124 

0.0105 

29 

0.0258 

0.0239 

0.0221 

0.0204 

0.0189 

0.0174 

0.0160 

0.0136 

0.0114 

0.0096 

30 

0.0246 

0.0228 

0.0210 

0.0194 

0.0178 

0.0164 

0.0151 

0.0126 

0.0106 

0.0088 

31 

0.0236 

0.0217 

0.0200 

0.0184 

0.0169 

0.0154 

0.0141 

0.0118 

0.0098 

0.0081 

32 

0.0226 

0.0208 

0.0190 

0.0174 

0.0159 

0.0146 

0.0133 

0.0110 

0.0091 

0.0075 

33 

0.0217 

0.0199 

0.0182 

0.0166 

0.0151 

0.0137 

0.0125 

0.0103 

0.0084 

0.0069 

34 

0.0208 

0.0190 

0.0173 

0.0158 

0.0143 

0.0130 

0.0118 

0.0096 

0.0078 

0.0063 

35 

0.0200 

0.0182 

0.0165 

0.0150 

0.0136 

0.0123 

0.0111 

0.0090 

0.0072 

0.0058 

36 

0.0192 

0.0175 

0.0158 

0.0143 

0.0129 

0.0116 

0.0104 

0.0084 

0.0067 

0.0053 

37 

0.0185 

0.0167 

0.0151 

0.0136 

0.0122 

0.0110 

0.0098 

0.0079 

0.0062 

0.0049 

38 

0.0178 

0.0161 

0.0145 

0.0130 

0.0116 

0.0104 

0.0093 

0.0074 

0.0058 

0.0045 

39 

0.0172 

0.0154 

0.0138 

0.0124 

0.0111 

0.0099 

0.0088 

0.0069 

0.0054 

0.0042 

40 

0.0166 

0.0148 

0.0133 

0.0118 

0.0105 

0.0093 

0.0083 

0.0065 

0.0050 

0.0039 

41 

0.0160 

0.0143 

0.0127 

0.0113 

0.0100 

0.0089 

0.0078 

0.0061 

0.0047 

0.0036 

42 

0.0154 

0.0137 

0.0122 

0.0108 

0.0095 

0.0084 

0.0074 

0.0057 

0.0043 

0.0033 

43 

0.0149 

0.0132 

0.0117 

0.0103 

0.0091 

0.0080 

0.0070 

0.0053 

0.0040 

0.0030 

44 

0.0144 

0.0127 

0.0112 

0.0099 

0.0087 

0.0076 

0.0066 

0.0050 

0.0038 

0.0028 

45 

0.0139 

0.0123 

0.0108 

0.0095 

0.0083 

0.0072 

0.0063 

0.0047 

0.0035 

0.0026 

46 

0.0135 

0.0118 

0.0104 

0.0091 

0.0079 

0.0068 

0.0059 

0.0044 

0.0033 

0.0024 

47 

0.0130 

0.0114 

0.0100 

0.0087 

0.0075 

0.0065 

0.0056 

0.0041 

0.0030 

0.0022 

48 

0.0126 

0.0110 

0.0096 

0.0083 

0.0072 

0.0062 

0.0053 

0.0039 

0.0028 

0.0020 

49 

0.0122 

0.0106 

0.0092 

0.0080 

0.0069 

0.0059 

0.0050 

0.0037 

0.0026 

0.0019 

50 

0.0118 

0.0103 

0.0089 

0.0076 

0.0066 

0.0056 

0.0048 

0.0034 

0.0025 

0.0017 

55 

0.0101 

0.0087 

0.0073 

0.0062 

0.0052 

0.0044 

0.0037 

0.0025 

0.0017 

0.0012 

60 

0.0088 

0.0074 

0.0061 

0.0051 

0.0042 

3.0035 

0.0028 

0.0019 

0.0012 

0.0008 

65 

0.0076 

0.0063 

0.0051 

0.0042 

0.0034 

0.0027 

0.0022 

0.0014 

0.0009 

0.0005 

70 

0.0067 

0.0054 

0.0043 

0.0035 

0.0027 

0.0022 

0.0017 

0.0010 

0.0006 

0.0004 

75 

0.0059 

0.0047 

0.0037 

0.0029 

0.0022 

0.0017 

0.0013 

0.0008 

0.0004 

0.0002 

80 

0.0052 

0.0040 

0.0031 

0.0024 

0.0018 

0.0014 

0.0010 

0.0006 

0.0003 

0.0002 

85 

0.0046 

0.0035 

0.0026 

0.0020 

0.0015 

0.0011 

0.0008 

0.0004 

0.0002 

0.0001 

90 

0.0040 

0.0030 

0.0023 

0.0017 

0.0012 

0.0009 

0.0006 

0.0003 

0.0002 

0.0001 

95 

0.0036 

0.0026 

0.0019 

0.0014 

0.0010 

0.0007 

0.0005 

0.0002 

0.0001 

o.ooco 

100 

0.0032 

0.0023 

0.0016 

0.0012 

0.0008 

0.0006 

0.0004 

0.0002 

0.0001 

0.0000 
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USE  OF  TABLE  F 

Table  F  gives  the  value  of  ««  of  Eq.  34,  Table  III,  for  given 
values  of  ij  A,  and  n. 

When  payment  is  made  at  the  end  of  each  year  and  interest  is  com- 
pounded annically. 

Example  1. — What  end-of-year  annuity  will  be  produced  for 
10  years  by  a  principal  of  $1,  if  interest  is  4  per  cent  compounded 
annually?  Opposite  "10^'  and  under  "4  per  cent,"  Table  F, 
we  find  SO.  1233,  which  is  the  annuity  sought. 

Example  2. — What  end-of-year  payment  for  a  period  of  five 
years  is  the  equivalent  of  $1000  paid  now,  if  interest  is  7  per  cent 
compounded  annually?  Opposite  "5"  and  under  "7  per  cent," 
Table  F,  we  find  $0.2439,  which  multiplied  by  1000  gives  $243.90  ± , 
which  is  the  quantity  sought. 

When  the  payment  is  made  at  the  end  of  each  interest  period  which 
is  less  than  one  year. 

Example  3. — A  present  debt  of  $10,000  is  to  be  paid  in  20  equal 
semi-annual  payments,  one  at  the  end  of  each  half-year.  If 
interest  is  4  per  cent,  compounded  semi-annually,  what  should 
each  payment  be?  i/h  =  0.04/2  =  0.02,  hn  =  2X10  =  20. 
Opposite  ''20"  and  under  "2  per  cent,"  Table  F,  we  find  0.0612, 
which  multiplied  by  10,000  gives  $612+ ,  which  is  the  quantity 
sought. 
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Table  F. — Annual  Payment  a„  or  Forward  Spreading  Factor 


Annual  year-end  payment  in  an  n  yr.  series  whose  present  worth  is 
interest  compounded  annually  at 


1  with 


n 

2% 

2-H% 

3% 

s-yz%\    4% 

4-^^  % 

5% 

6%  1 

7% 

8% 

1 

1 . 0200 

1.0250 

1.0300 

1.0350 

1.0400 

1.0450 

1.0500 

1.0600 

1.0700 

1 . 0800 

2 

0.5150 

0.5188 

0.5226 

0.5264 

0.5302 

0.5340 

0.5378 

0.5454 

0.5531 

0.5608 

3 

0.3468 

0.3501 

0.3525 

0.3569 

0.3603 

0.3638 

0.3672 

0.3741 

0.3811 

0.3880 

4 

0.2626 

0.2658 

0.2690 

0.2723 

0.2755 

0.2787 

0.2820 

0.2886 

0.2952 

0.3019 

5 

0.2122 

0.2152 

0.2184 

0.2215 

0.2246 

0.2278 

0.2310 

0.2374 

0.2439 

0.2505 

6 

0.1785 

0.1815 

0.1846 

0.1877 

0.1908 

0.1939 

0.1970 

0.2034 

0.2098 

0.2163 

7 

0.1545 

0.1575 

0.1605 

0.16? 5 

0.1666 

0.1697 

0.1728 

0.1791 

0.1856 

0.1921 

8 

0.1365 

0.1395 

0.1425 

0.1455 

0.1485 

0.1516 

0.1547 

0.1610 

0.1675 

0.1740 

9 

0.1225 

0.1255 

0.1284 

0.1314 

0.1345 

0.1376 

0.1407 

0.1470 

0.1535 

0.1601 

10 

0.1113 

0.1143 

0.1172 

0.1202 

0.1233 

0.1264 

0.1295 

0.1359 

0.1424 

0.1490 

11 

0.1022 

0.1051 

0.1081 

0.1111 

0.1141 

0.1172 

0.1204 

0.1268 

0.1334 

0.1401 

12 

0.0946 

0.0975 

0.1005 

0.1035 

0.1066 

0.1097 

0.1128 

0.1193 

0.1259 

0.1327 

13 

0.0881 

0.0910 

0.0940 

0.0971 

0.1001 

0.1033 

0.1065 

0.1130 

0.1197 

0.1265 

14 

0.0826 

0.0855 

0.0885 

0.0916 

0.0947 

0.0978 

0.1010 

0.1076 

0.1143 

0.1213 

15 

0.0778 

0.0808 

0.0838 

0.0868 

0.0899 

0.0931 

0.0963 

0.1030 

0.1098 

0.1168 

16 

0.0737 

0.0766 

0.0796 

0.0827 

0.0858 

0.0890 

0.0923 

0.0990 

0.1059 

0.1130 

17 

0.0700 

0.0729 

0.0760 

0.0790 

0.0822 

0.0854 

0.0887 

0.0954 

0.1024 

0.1096 

18 

0.\p667 

0.0697 

0.0727 

0.0758 

0.0790 

0.0822 

0.0855 

0.0924 

0.0994 

0.1067 

19 

0.0638 

0.0668 

0.0698 

0.0729 

0.0761 

0.0794 

0.0827 

0.0896 

0.0968 

0.1041 

20 

0.0612 

0.0641 

0.0672 

0.0704 

0.0736 

0.0769 

0.0802 

0.0872 

0.0944 

0.1019 

21 

0.0588 

0.0618 

0.0649 

0.0680 

0.0713 

0.0746 

0.0780 

0.0850 

0.0923 

0.0998 

22 

0.0566 

0.0596 

0.0627 

0.0659 

0.0692 

0.0725 

0.0760 

0.0830 

0.0904 

0.0980 

23 

0.0547 

0.0577 

0.0608 

0.0640 

0.0673 

0.0707 

0.0741 

0.0813 

0.0887 

0.0964 

24 

0.0529 

0.0559 

0.0590 

0.0623 

0.0656 

0.069C 

0.0725 

0.0797 

0.0872 

0.0950 

25 

0.0512 

0.0543 

0.0574 

0.0607 

0.0640 

0.0674 

0.0710 

0.0782 

0.0858 

0.0937 

26 

0.0497 

0.0528 

0.0559 

0.0592 

0.0626 

0.0660 

0.0696 

0.0769 

0.0846 

0.0925 

27 

0.0483 

0.0514 

0.0546 

0.0579 

0.0612 

0.0647 

0.0683 

0.0757 

0.0834 

0.0914 

28 

0.0470 

0.0501 

0.0533 

0.0566 

0.0600 

0.0635 

0.0671 

0.0746 

0.0824 

0.0905 

29 

0.0458 

0.0489 

0.0521 

0.0554 

0.0589 

0.0624 

0.0660 

0.0736 

0.0814 

0.0896 

30 

0.0446 

0.0478 

0.0510 

0.0544 

0.0578 

0.0614 

0.0651 

0.0726 

0.0806 

0.0888 

31 

0.0436 

0.0407 

'0.0500 

0.0534 

0.0569 

0.0604 

0.0641 

0.0718 

0.0798 

0.0881 

32 

0.0426 

0.0458 

0.0490 

0.0524 

0.0559 

0.0596 

0.0633 

0.0710 

0.0791 

0.0875 

33 

0.0417 

0.0449 

0.0482 

0.0516 

0.0551 

0.0587 

0.0625 

0.0703 

0.0784 

0.0869 

34 

0.0408 

0.0440 

0.0473 

0.0508 

0.0543 

0.0580 

0.0618 

0.0696 

0.0778 

0.0863 

35 

0.0400 

0.0432 

0.0465 

0.0500 

0.0536 

0.0573 

0.0611 

0.0690 

0.0772 

0.0858 

36 

0.0392 

0.0425 

0.0458 

0.0493 

0.0529 

0.0566 

0.0604 

0.0684 

0.0767 

0.0853 

37 

0.0385 

0.0417 

0.0451 

0.0486 

0.0522 

0.0560 

0.0598 

0.0679 

0.0762 

0.0849 

38 

0.0378 

0.0411 

0.0445 

0.0480 

0.0516 

0.0554 

0.0593 

0.0674 

0.0758 

0.0845 

39 

0.0372 

0.0404 

0.0438 

0^0474 

0.0511 

0.0549 

0.0588 

0.0669 

0.0754 

0.0842 

40 

0.0366 

0.0398 

0.0433 

0.0468 

0.0505 

0.0543 

0.0583 

0.0665 

0.0750 

0.0839 

41 

0.0360 

0.0393 

0.0427 

0.0463 

0.0500 

0.0539 

0.0578 

0.0661 

0.0747 

0.0836 

42 

0.0354 

0.0387 

0.0422 

0.0458 

0.0495 

0.0534 

0.0574 

0.0657 

0.0743 

0.0833 

43 

0.0349 

0.0382 

0.0417 

0.0453 

0.0491 

0.0530 

0.0570 

0.0653 

0.0740 

0.0830 

44 

0.0344 

0.0377 

0.0412 

0.0449 

0.0487 

0.0526 

0.0566 

0.0650 

0.0738 

0.0028 

45 

0.0339 

0.0373 

0.0408 

0.0445 

0.0483 

0.0522 

0.0563 

0.0647 

0.0735 

0.0826 

46 

0.0335 

0.0368 

0.0404 

0.0441 

0.0479 

0.0518 

0.0559 

0.0644 

0.0733 

0.0824 

47 

0.0330 

0.0364 

0.0400 

0.0437 

0.0475 

0.0515 

0.0556 

0.0641 

0.0730 

0.0822 

48 

0.0326 

0.0360 

0.0396 

0.0433 

0.0472 

0.0512 

0.0553 

0.0639 

0.0728 

0.0820 

49 

0.0322 

0.0356 

0.0392 

0.0430 

0.0469 

0.0509 

0.0550 

0.0637 

0.0726 

0.0819 

50 

0.0318 

0.0353 

0.0389 

0.0426 

0.0460 

0.0506 

0.0548 

0.0634 

0.0725 

0.0817 

55 

0.0301 

0.0337 

0.0373 

0.0412 

0.0452 

0.0494 

0.0537 

0.0625 

0.0717 

0.0812 

60 

0.0288 

0.0324 

0.0361 

0.0401 

0.0442 

0.0485 

0.0528 

0.0619 

0.0712 

0.0808 

65 

0.0276 

0.0313 

0.0351 

0.0392 

0.0434 

0.0477 

0.0522 

0.0614 

0.0709 

0.0805 

70 

0.0267 

0.0304 

0.0343 

0.0385 

0.0427 

0.0472 

0.0517 

0.0610 

0.0706 

0.0804 

75 

0.0259 

0.0297 

0.0337 

0.0379 

0.0422 

0.0467 

0.0513 

0.0608 

0.0704 

0.0802 

80 

0.0252 

O.O290 

0.0331 

0.0374 

0.0418 

0.0464 

0.0510 

0.0606 

0.0703 

0.0802 

85 

0.0246 

0.0285 

0.0326 

0.0370 

0.0415 

0.0461 

0.0508 

0.0604 

0.0702 

0.0801 

90 

0.0240 

0.0280 

0.0323 

0.036"^ 

0.0412 

0.0459 

0.0506 

0.0603 

0.0702 

0.0801 

95 

0.0236 

0.0276 

0.0319 

0.0364 

0.0410 

0.0457 

0.0505 

0.0602 

0.0701 

0.0800 

100 

0.0232 

0.0273 

0.0316 

0.036? 

0.0408 

0.0456 

0.0504 

0.0602 

0.0701 

0.0800 
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Table  G. — Number  of  Days  in  the  Year  up  to  and  Including  any 

Given  Date 


Day 

Day 

of 
month 

Jan. 

Feb. 

Mar. 

AprU 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

of 
month 

1 

1 

32 

60 

91 

121 

152 

182 

213 

244 

274 

305 

335 

1 

2 

2 

33 

61 

92 

122 

153 

183 

214 

245 

275 

306 

336 

2 

3 

3 

34 

62 

93 

123 

154 

184 

215 

246 

276 

307 

337 

3 

4 

4 

35 

63 

94 

124 

155 

185 

216 

247 

277 

308 

S38 

4 

6 

5 

36 

64 

95 

125 

156 

186 

217 

248 

278 

309 

339 

5 

6 

6 

37 

65 

96 

126 

157 

187 

218 

249 

279 

310 

340 

6 

7 

7 

38 

66 

97 

127 

158 

188 

219 

250 

280 

311 

341 

7 

8 

8 

39 

67 

98 

128 

159 

189 

220 

251 

281 

312 

342 

8 

9 

9 

40 

68 

99 

129 

100 

190 

221 

252 

282 

313 

343 

9 

10 

10 

41 

69 

100 

130 

161 

191 

222 

253 

283 

314 

344 

10 

11 

11 

42 

70 

101 

131 

162 

192 

223 

254 

284 

315 

345 

11 

12 

12 

43 

71 

102 

132 

163 

193 

224 

255 

285 

316 

346 

12 

13 

13 

44 

72 

103 

133 

164 

194 

225 

256 

286 

317 

347 

13 

14 

14 

45 

73 

104 

134 

165 

195 

226 

257 

287 

318 

348 

14 

15 

15 

46 

74 

105 

135 

166 

196 

227 

258 

288 

319 

349 

15 

16 

16 

47 

75 

106 

136 

167 

197 

228 

259 

289 

320 

350 

16 

17 

17 

48 

76 

107 

137 

168 

198 

229 

260 

290 

321 

351 

17 

18 

18 

49 

77 

108 

138 

169 

199 

230 

261 

291 

322 

352 

18 

19 

19 

50 

78 

109 

139 

170 

200 

231 

262 

292 

323 

353 

19 

20 

20 

51 

79 

110 

140 

171 

201 

232 

263 

293 

324 

354 

20 

21 

21 

52 

80 

111 

141 

172 

202 

233 

264 

294 

325 

355 

21 

22 

22 

53 

81 

112 

142 

173 

203 

234 

265 

295 

326 

356 

22 

23 

23 

54 

82 

113 

143 

174 

204 

235 

266 

2^ 

327 

357 

23 

24 

24 

55 

83 

114 

144 

175 

205 

236 

267 

297 

328 

358 

24 

25 

25 

56 

84 

115 

145 

176 

206 

237 

268 

298 

329 

359 

25 

26 

26 

57 

85 

116 

146 

177 

207 

238 

269 

299 

330 

360 

26 

27 

27 

58 

86 

117 

147 

178 

208 

239 

270 

300 

331 

361 

27 

28 

28 

59 

87 

118 

148 

179 

209 

240 

271 

301 

332 

362 

28 

29 

29 

88 

119 

149 

180 

210 

241 

272 

302 

333 

363 

29 

30 

30 

89 

120 

150 

181 

211 

242 

273 

303 

334 

364 

30 

31 

31 

90 

151 

212 

243 

304  1 

365 

31 

For  leap  year  add  1  to  each  number  after  the  number  for  Feb.  28. 


APPENDIX  B         ,  251 

USE  OF  TABLE  H 

Example. — A  note  for  $280.50,  bearing  6  per  cent  simple  inter- 
est, is  dated  September  22,  1905  and  falls  due  June  17,  1907. 
What  is  the  simple  interest  on  the  note  for  the  whole  time? 

Solution  on  the  basis  of  a  365-day  year: 

September  22,  1905  to  September  22,  1906 1  year, 

September  22,  1906  to  June  17,  1907: 

Days  in  one  year 365 

September  22  is,  of  the  year,  day  number  (Table  G)    265 

Remaining  days  of  1906  (not  a  leap  year) 100 

Days,  January  1  to  June  17  inclusive  (Table  G)  . .    168 

Days,^  September  22,  1906  to  June  17,  1907 268  days. 

Whole  time 1   year,    268   days. 

Interest  at  1  per  cent,  on  $280.50  for  1  year $2 .  8050 

Interest  at  1  per  cent,  on  200.00  for  260  days  (Table  H)  1 .  4246 
Interest  at  1  per  cent,  on  80.00  for  260  days  (Table  H)  0 .  5698 
Interest  at  1  per  cent,  on  0.50  for  260  days  (Table  H)  0 .  0035 
Interest  at  1  per  cent,  on  200.00  for  8  days  (Table  H)  0 .  0438 
Interest  at  1  per  cent,  on  80.00  for  8  days  (Table  H)  0 .  0175 
Interest  at  1  per  cent,  on  0. 50  for  8  days  (Table  H)  0.0001 
Interest  at  1  per  cent,  on  $280.50  for  1  year,  268  days     $4.8643 

which  multiplied  by 6 

gives  the  interest  at  6  per  cent  on  $280.50  for  1  year 

268  days $29. 1859, 

or,  $29.19.     Answer, 
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Table  H. — Simple  Interest  (365-day  Year) 
At  1  per  cent  on 


Days 

$1000 

$2000 

$3000 

1 

0.02740 

0.05479 

0.08219 

2 

0.05479 

0.10959 

0.16438 

3 

0.08219 

0.16438 

0.24658 

4 

0.10959 

0.21918 

0.32877 

5 

0.13699 

0.27397 

0.41096 

6 

0.16438 

0.32877 

0.49315 

7 

0.19178 

0.38356 

0.57534 

8 

0.21918 

0.43836 

0.65753 

9 

0.24658 

0.49315 

0.73973 

10 

0.27397 

0.54795 

0.82192 

20 

0.54795 

1.09589 

1.64384 

30 

0.82192 

1.64384 

2.46575 

40 

1.09589 

2.19178 

3.28767 

50 

1.36986 

2.73973 

4.10959 

60 

1.64384 

3.28767 

4.93151 

70 

1.91781 

3.83562 

5.75342 

80 

2.19178 

4.38356 

6.57534 

90 

2.46575 

4.93151 

7.39726 

100 

2.73973 

5.47945 

8.21918 

110 

3.01370 

6.02740 

9.04110 

120 

3.28767 

6.57534 

9.86301 

130 

3.56164 

7.12329 

10.68493 

140 

3.83562 

7.67123 

11.50685 

150 

4.10959 

8.21918 

12.32877 

160 

4.38356 

8.76712 

13.15068 

170 

4.65753 

9.31507 

13.97260 

180 

4.93151 

9.86301 

14.79452 

190 

5.20548 

10.41096 

15.61644 

200 

5.47945 

10.95890 

16.43836 

210 

5.75342 

11.50685 

17.26027 

220 

6.02740 

12.05479 

18.08219 

230 

6.30137 

12.60274 

18.90411 

240 

6.57534 

13.15068 

19.72603 

250 

6.84932 

13.69863 

20.54795 

260 

7.12329 

14.24658 

21.36986 

270 

7.39726 

14.79452 

22.19178 

280 

7.67123 

15.34247 

23.01370 

290 

7.94521 

15.89041 

23.83562 

300 

8.21918 

16.43836 

24.65753 

310 

8.49315 

16.98630 

25.47945 

320 

8.76712 

17.53425 

26.30137 

330 

9.04110 

18.08219 

27.12329 

340 

9.31507 

18.63014 

27.94521 

350 

9.58904 

19.17808 

28.76712 

360 

9.86301 

19.72603 

29.58904 
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Table  H. — Simple  Interest  (365-day  Year)  (Continued) 
At  1  per  cent  on 


Days 

$4000 

$5000 

$6000 

1 

0.10959 

0.13699 

0.16438 

2 

0.21918 

0.27397 

0.32877 

3 

0.32877 

0.41096 

0.49315 

4 

0.43836 

0.54795 

0.65753 

5 

0.54795 

0.68493 

0.82192 

6 

0.65753 

0.82192 

0.98630 

7 

0.76712 

0.95890 

1 . 15068 

8 

0.87671 

1.09589 

1.31507 

9 

0.98630 

1.23288 

1.47945 

10 

1.09589 

1.36986 

1.64384 

20 

2.19178 

2.73973 

3.28767 

30 

3.28767 

4.10959 

4.93151 

V  40 

4.38356 

5.47945 

6.57534 

^  50 

5.47945 

6.84932 

8.21918 

60 

6.57534 

8.21918 

9.86301 

70 

7.67123 

9.58904 

11.50685 

80 

8.76712 

10.95890 

13.15068 

90 

9.86301 

12.32877 

14.79452 

100 

10.95890 

13.69863 

16.43836 

HO 

12.05479 

15.06849 

18.08219 

120 

13.15068 

16.43836 

19.72603 

130 

14.24658 

17.80822 

21 . 36986 

140 

15.34247 

19.17808 

23.01370 

150 

16.43836 

20.54795 

24.65753 

160 

17.53425 

21.91781 

26.30137 

170 

18.63014 

23.28767 

27.94521 

180 

19.72603 

24.65753 

29.58904 

190 

20.82192 

26.02740 

31.23288 

200 

21.91781 

27.39726 

32.87671 

210 

23.01370 

28.76712 

34.52055 

220 

24.10959 

30.13699 

36.16438 

230 

25.20548 

31.50685 

37.80822 

240 

26.30137 

32.87671 

39.45205 

250 

27.39726 

34.24658 

41.09589 

260 

28.49315 

35.61644 

42.73973 

270 

29.58904 

36.98630 

44.38356 

280 

30.68493 

38.35616 

46.02740 

290 

31.78082 

39.72603 

47.67123 

300 

32.87671 

41.09589 

49.31507 

310 

33.97260 

42.46575 

50.95890 

320 

35.06849 

43.83562 

52.60274 

330 

36.16438 

45.20548 

54.24657 

340 

37.26027 

46.57534 

55.89041 

360 

38.35616 

47.94521 

57 .  534-25 

360 

39.45205 

49.31507 

59.17808 
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Table  H. — Simple  Interest  (365-day  Year)  (Continued) 
At  1  per  cent  on 


Days 

$7000 

$8000 

$9000 

1 

0.19178 

0.21918 

0.24658 

2 

0.38356 

0.43836 

0.49315 

3 

0.57534 

0.65753 

0.73973 

4 

0.76712 

0.87671 

0.98630 

5 

0.95890 

1.09589 

1.23288 

6 

1.15068 

1.31507 

1.47945 

7 

1.34247 

1.53425 

1.72603 

8 

1.53425 

1.75342 

1.97260 

9 

1.72603 

1.97260 

2.21918 

10 

1.91781 

2.19178 

2.46575 

20 

3.83562 

4.38356 

4.93151 

30 

5.75342 

6.57534 

7.39726 

40 

7.67123 

8.76712 

9.86301 

50 

9.58904 

10.95890 

12.32877 

60 

11.50685 

13.15068 

14.79452 

70 

13.42466 

15.34247 

17.26027 

80 

15.34247 

17.53425 

19.72603 

90 

17.26027 

19.72603 

22.19178 

100 

19.17808 

21.91781 

24.65753 

110 

21.09589 

24.10959 

27.12329 

120 

23.01370 

26.30137 

29.58904 

130 

24.93151 

28.49315 

32.05479 

140 

26.84931 

30.68493 

34.52055 

150 

28.76712 

32.87671 

36.98630 

160 

30.68493 

35.06849 

39.45205 

170 

32.60274 

37.26027 

41.91781 

180 

34.52055 

39.45205 

44.38356 

190 

36.43836 

41.64384 

46.84931 

200 

38.35616 

43.83562 

49.31507 

210 

40.27397 

46.02740 

51.78082 

220 

42.19178 

48.21918 

53.24657 

230 

44.10959 

50.41096 

56.71233 

240 

46.02740 

52.60274 

59 . 17808 

250 

47.94521 

54.79452 

61.64384 

260 

49.86301 

56.98630 

64.10959 

270 

51.78082 

59.17808 

66.57534 

280 

53.69863 

61.36986 

69.04110 

290 

55.61644 

63.56164 

71.50685 

300 

57.53425 

65.75342 

73.97260 

310 

59.45205 

67.94520 

76.43836 

320 

61.36986 

70.13699 

78.90411 

330 

63.28767 

72.32877 

81.36986 

340 

65.20548 

74.52055 

83.83562 

350 

67.12329 

76.71233 

86.30137 

360 

69.04110 

78.90411 

88.76712 

APPENDIX  B  255 
USE  OF  TABLE  J 

Example. — A  note  for  $280.50  bearing  6  per  cent  simple  inter- 
est is  dated  Sept.  22,  1905  and  falls  due  June  17,  1907.  What  is 
the  simple  interest  on  the  note  for  the  whole  time? 

Solution  on  the  basis  of  a  360-day  year: 

Year          Month  Day 

June  17,  1907 1907                6  17 

Sept.  22,  1905 1905                9  22 

Time 1  year       8  months      25  days 

Interest  at  1  per  cent  on  $280.50  for  1  year $2.8050 

Interest  at  1  per  cent  on      200.00  for  8  months  (Table  J)  1 .  3333 

Interest  at  1  per  cent  on       80.00  for  8  months  (Table  J)  0 .  5333 

Interest  at  1  per  cent  on         0.50  for  8  months  (Table  J)  0 .  0033 

Interest  at  1  per  cent  on      200.00  for  25  days  (Table  J)  0 .  1388 

Interest  at  1  per  cent  on        80.00  for  25  days  (Table  J)  0 .  0556 

Interest  at  1  per  cent  on          0.50  for  25  days  (Table  J)  0 .  0003 


Interest  at  1  per  cent,  on  $280.50  for  1  year,  8  months, 

25  days $4.8696 

which  multiplied  by 6 

gives  the  interest  at  6  per  cent  on  $280.50 

for  1  year,  8  months,  25  days $29.2176, 

or,  $29.22.     Answer. 
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Table  J. — Simple  Interest  (360-day  Year) 
At  1  per  cent  on 


Days 

$1000 

$2000 

$3000 

1 

0.02777 

0.05555 

0.08333 

2 

0.05555 

0.11111 

0.16666 

3 

0.08333 

0.16666 

0.25000 

4 

0.11111 

0.22222 

0.33333 

5 

0.13888 

0.27777 

0.41666 

6 

0.16666 

0.33333 

0.50000 

7 

0.19444 

0.38888 

0.58333 

8 

0.22222 

0.44444 

0.66666 

9 

0.25000 

0.50000 

0.75000 

10 

0.27777 

0.55555 

0.83333 

11 

0.30555 

0.61111 

0.91666 

12 

0.33333 

0.66666 

1.00000 

13 

0.36111 

0.72222 

1.08333 

14 

0.38888 

0.77777 

1.16666 

15 

0.41666 

0.83333 

1.25000 

16 

0.44444 

0.88888 

1.33333 

17 

0.47222 

0.94444 

1.41666 

18 

0.50000 

1.00000 

1 . 50000 

19 

0.52777 

1.05555 

1.58333 

20 

0.55555 

1.11111 

1.66666 

21 

0.58333 

1.16666 

1.75000 

22 

0.61111 

1.22222 

1.83333 

23 

0.63888 

1.27777 

1.91666 

24 

0.66666 

1.33333 

2.00000 

25 

0.69444 

1.38888 

2.08333 

26 

0.72222 

1.44444 

2.16666 

27 

0.75000 

1.50000 

2.25000 

28 

0.77777 

1.55555 

2.33333 

29 

0.80555 

1.61111 

2.41666 

Months 

1 

0.83333 

1.66666 

2.50000 

2 

1.66666 

3.33333 

5.00000 

3 

2.50000 

5.00000 

7.50000 

4 

3.33333 

6.66666 

10.00000 

5 

4.16666 

8.33333 

12.50000 

6 

5.00000 

10.00000 

15.00000 

7 

5.83333 

11.66666 

17.50000 

8 

6.66666 

13.33333 

20.00000 

9 

7.50000 

15.00000 

22.50000 

10 

8.33333 

16.66666 

25.00000 

11 

9.16666 

18.33333 

27.50000 

Year 

1 

10.00000 

20.00000 

30.00000 
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Table  J. — Simple  Interest  (360-day  Year)   (Continued) 
At  1  per  cent  on 


Days 

$4000 

$5000 

$6000 

1 

0.11111 

0.13888 

0.16666 

2 

0.22222 

0.27777 

0.33333 

3 

0.33333 

0.41666 

0.50000 

4 

0.44444 

0.55555 

0.66666 

5 

0.55555 

0.69444 

0.83333 

6 

0.66666 

0.83333 

1.00000 

7 

0.77777 

0.97222 

1 . 16666 

8 

0.88888 

1.11111 

1.33333 

9 

1.00000 

1.25000 

1 . 50000 

10 

1.11111 

1.38888 

1.66666 

11 

1.22222 

1.52777 

1.83333 

12 

1 . 33333 

1.66666 

2.00000 

>   13 

1.44444 

1.80555 

2.16666 

14 

1 . 55555 

1.94444 

2.33333 

15 

1.66666 

2.08333 

2.50000 

16 

1.77777 

2.22222 

2.66666 

17 

1.88888 

2.36111 

2.83333 

18 

2.00000 

2.50000 

3.00000 

19 

2.11111 

2.63888 

3.16666 

20 

2.22222 

2.77777 

3.33333 

21 

2.33333 

2.91666 

3.50000 

22 

2.44444 

3.05555 

3.66666 

23 

2.55555 

3.19444 

3.83333 

24 

2.66666 

3.33333 

4.00000 

25 

2.77777 

3.47222 

4.16666 

26 

2.88888 

3.61111 

4.33333 

27 

3.00000 

3 . 75000 

4.50000 

28 

3.11111 

3.88888 

4.66666 

29 

3 . 22222 

4.02777 

4.83333 

Months 

1 

3.33333 

4.16666 

5.00000 

2 

6.66666 

8.33333 

10.00000 

3 

10.00000 

12.50000 

15.00000 

4 

13.33333 

16.66666 

20.00000 

5 

16.66666 

20.83333 

25.00000 

6 

20.00000 

25.00000 

30.00000 

7 

23.33333 

29.16666 

35.00000 

8 

26.66666 

33.33333 

40.00000 

9 

30.00000 

37.50000 

45.00000 

10 

33.33333 

41.66666 

50.00000 

11 
Year 

1 

36.66666 

45.83333 

55.00000 

40.00000 

50.00000 

60.00000 

17 
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Table  J. — Simple  Interest  (360-day  Year)  {Continued) 
At  1  per  cent  on 


Days 

$7000 

i     $8000 

$9000 

1 

0.19444 

0.22222 

0.25000 

2 

0.38888 

0.44444 

0.50000 

3 

0.58333 

0.66666 

0.75000 

4 

0.77777 

0.88888 

1.00000 

5 

0.97222 

1.11111 

1.25000 

6 

1.16666 

1.33333 

1.50000 

7 

1.36111 

1 . 55555 

1.75000 

8 

1.55555 

1.77777 

2.00000 

9 

1.75000 

2.00000 

2.25000 

10 

1.94444 

2.22222 

2.50000 

11 

2.13888 

2.44444 

2.75000 

12 

2.33333 

2.66666 

3.00000 

13 

2.52777 

2.88888 

3.25000 

14 

2.72222 

3.11111 

3.50000 

15 

2.91666 

3.33333 

3.75000 

.  16 

3.11111 

3.55555 

4.00000 

17 

3.30555 

3.77777 

4.25000 

18 

3.50000 

4.00000 

4.50000 

19 

3.69333 

4.22222 

4.75000 

20 

3.88888 

4.44444 

5.00000 

21 

4.08333 

4.66666 

5.25000 

22 

4.27777 

4.88888 

5.50000 

23 

4.47222 

5.11111 

5.75000 

24 

4.66666 

5.33333 

6.00000 

25 

4.86111 

5.55555 

6.25000 

26 

5.05555 

6.77777 

6.50000 

27 

5.25000 

6.00000 

6.75000 

28 

5.44444 

6.22222 

7.00000 

29 

5.63888 

6.44444 

7.25000 

Months 

1 

5.83333 

6.66666 

7.50000 

2 

11.66666 

13.33333 

15.00000 

3 

17.50000 

20.00000 

22.50000 

4 

23.33333 

26.66666 

30.00000 

5 

29.16666 

33.33333 

37.50000 

6 

35.00000 

40.00000 

45.00000 

7 

40.83333 

46.66666 

62.50000 

8 

46.66666 

53.33333 

60.00000 

9 

52.50000 

60.00000 

67.50000 

10 

58.33333 

66.66666 

76.00000 

11 

64.16666 

73.33333 

82.50000 

Year 

1 

70  00000 

80  00000 

90.00000 
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Table  K. — Structure  Life  Tables  » 

Key  to  Authorities 

A — Wisconsin  R.  R.  Commission. 

B — St.  Louis  Public  Service  Commission,  Union  Electric  Light  &  Power  Co. 
C — Traction  Valuation  Commission,  Chicago  Consolidated  Traction  Co. 
D — B.  J.  Arnold — Appraisal  of  the  Coney  Island  &  Brooklyn  Railroad, 

Feb.  1,  1909. 
E — ^Leonard  Metcalf,  Transactions  American  Society  Civil  Engineers,  1909, 

p.  24,  Vol.  LXIV. 
F — Henry  L.  Gray. 

G — Arbitrators,  Street  Lighting  Controversy,  Atlanta,  Ga.,  1899. 
H — Nathan  Hay  ward,  The  Bell  Telephone  Co,  of  Pennsylvania,  Aug.  31, 

1912. 
I— H.  P.  Gillette,  Everett  Railway  &  Water  Co.,  Jan.  29,  1912. 
J — H.  P.  Gillette,  Washington  Ry.  Appraisal. 
K— Henry  Floy,  3rd  Ave.  Case  N.  Y.  City. 
L — Prof.  M.  E.  Cooley,  Milwaukee  3c  case. 
M — Beegs,  Milwaukee  3c  case. 
N — M.  G.  Starret,  Milwaukee  3c  case. 
O — W.  D.  Pence,  Milwaukee  3c  case. 
P — Union  Traction  Co.  Case  Chicago  and  Union  Traction  Co.,  Stone  & 

Webster. 
Q — B.  J.  Arnold,  Chicago  Appraisals  4  cases. 
R — Marwick,  Mitchell  &  Co.,  Appraisal  of  a  large  street  railway  system, 

Foster,  p.  199. 
S — Chicago  Traction  Commission. 
T — Milwaukee  Electric  Railway  &  Light  Co. 
U — George  W.  Cravens,  Industrial  Power  Plants. 
V— Gillette's  Handbook  of  Cost  Data. 

Estimated  Life, 
Kind  of  Plant  Years  Authority 

Aerial  lines 20  B 

Arc  lamps 6.7  G 

Arc  lamps 12.5  B 

Arc  lamps 15  A 

Batteries,  storage 10  T 

Batteries,  storage 10-20  U 

Batteries,  storage 15  A 

Batteries,  storage 1-5-20  P 

Batteries,  storage 20  B 

Batteries,  storage 20  K 

Batteries,  storage 33 . 3  R 

Belting 20  A 

Benches  (gas  plant) 25  A 

Bins,  storage 10-33 . 3  Q 

Boilers 10  D 

^  Taken  by  permission  from  Mechanical  and  Electrical  Cost  Data,  Gillette 
and  Dana  (N.  Y.:  McGraw-Hill  Book  Co.,  Inc.,  1918). 


260 


ENGINEERING  ECONOMICS 


Kind  of  Plant 

Boilers 

Boilers , . 

Boilers 

Boilers 

Boilers 

Boilers 

Boilers 

Boilers 

Boilers 

Boilers,  fire  tube 

Boilers,  fire  tube 

Boilers,  fire  tube,  electric  light  plants. 

Boilers,  fire  tube,  waterworks 

Boilers,  water  tube 

Boilers,  water  tube,  electric  light  plant 

Boilers,  water  tube,  waterworks 

Brakes,  air 

Bridges 

Bridges,  Howe  truss 

Breechings,  steel 

Breeching  and  connections 

Blowers,  centrifugal  (gas  plant) 

Buildings 

Buildings 

Buildings 

Buildings,  brick 

Buildings,  brick 

Buildings,  carhouses 

Buildings,  car  barns 

Buildings,  coal  sheds  and  stables,  frame 

Buildings,  dwellings  frame 

Buildings,  frame 

Buildings,  frame 

Buildings,  gas  retort  hoifces,  brick. . . . 

Buildings,  grain  elevators 

Buildings,  masonry 

Buildings,  miscellaneous 

Buildings,  office  1st  class  stone  and 

brick 

Buildings,  power  plant 

Buildings,  power  stations 

Buildings,     railroad     transportation 

department 

Buildings,  roundhouses 

Buildings,  shops 

Buildings,  shops,  2nd  class 

Buildings,  snow  sheds 

Buildings,  stations,  fuel  and  water. . . 


Estimated  Life, 

Years 

Authority 

10-28.6 

s 

11.75-15 

0 

12-16 

E 

13.3 

T 

15-20 

P 

22.2 

R 

25-28.6 

C 

28.6 

Q 

30-40 

U 

10 

G 

15 

B 

15^30 

A 

20-25 

A 

20 

K 

20 

A 

20-25 

A 

20 

A 

40 

R 

16.7 

J 

10 

Q 

10-28.6 

C 

15 

A 

33.3 

T 

40 

R 

50-100 

U 

2.5-50 

A 

66.6 

C 

33.3 

I 

50 

A 

20-25 

A 

35 

A 

20-50 

E 

50 

G 

30 

A 

33.3 

J 

40-50 

E 

33.3 

I,  J 

75 

A 

33.3 

I 

50 

A 

33.3 

J 

33.3 

J 

33.3 

I,  J 

50 

A 

25 

J 

33.3 

J 
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Estimated  Life, 

Kind  op  Plant  Years                         Authobitt 

Buildings,  stations  and  waiting  rooms.  33 . 3  I 

Buildings,  sub-station 33 . 3  I 

Buildings,  telephone 24  H 

Bulkheading 10  J 

Cables 15-25  U 

Cables 20  T 

Cables 50  S 

Cable,  aerial  exchange 12  H 

Cable,  aerial  exchange  loading  coils ...  20  H 

Cable,  aerial  exchange  terminal 10  H 

Cable,  aerial  lead  covered 12  A 

Cable,  aerial  lead  covered 15  A 

Cable,  aerial  toll 12  H 

Cable,  feeders 25  O 

Cable,  feeders , 66 . 6  Q 

Cables,  feeders  overhead 33.3  R 

Cables,  feeder,  underground 25  R 

Cable,  house 13  H 

Cable,  house  terminals 10  H 

Cable,  submarine 9  H 

Cable,  underground  (u.  g.) 16. 6  I 

Cable,  u.  g.  exchange  main 20  H 

Cable,  u.  g.  exchange,  subsidiary 13  H 

Cable,  u.  g.  exchange  loading  coils. . .  20  H 

Cable,  u.  g,  exchange  terminals 10  H 

Cables,  u.  g.  high  tension 20  K 

Cable,  u.  g.,  lead  covered 20  A 

Cables,  u.  g.,  lead  covered 20  B 

Cables,  u.  g.,  lead  covered 25  A 

Cable,  u.g.  toll 25  H 

Cable,  u.  g.  toll  loading  coils. 20  H 

Cable,  u.  g.  terminals 10  H 

Cars,  see  Rolling  Stock. 

Chimney 33 . 3  C 

Chimney,  steel 10  D 

Chimney,  steel 14.3  Q 

Chimney,  brick 33 . 3  Q 

Coal    and    ash   handling    machinery, 

see  Machinery. 

Compressors,  air 20-25  C 

Concentrators  ammonia  (gas  plant) . ,  15  A 

Condensers 10  G 

Condensers 15  B 

Condensers 20                          A,  D,  K 

Condensers 25  C 

Condensers  (gas  plant) 30  A 

Conduits 50                             A,  B 

Conduits 100  K 
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Kind  op  Plant 

Conduits  (includes  manholes) 

Conduit,  u.  g 

Conduit,  u.  g.,  exchange,  main 

Conduit,  u.  g.  exchange,  subsidiary, . . 

Conduit,  u.  g,  toll 

Conveyors 

Cranes 

Cribbing 

Cross-arms 

Crossings,  R.  R 

Culverts,  log  or  timber 

Dams 

Distribution  system,  electric  railway. 
Distribution  system,  electric  railway. 
Distribution  system,  electric  railway. 
Distribution  system,  electric  railway. 

Docks 

Drains,  box 

Economizers 

Engines 

Engines,  gas 

Engines,  steam 

Engines,  steam 

Engines,  steam 

Engines,  steam 

Engines,  steam 

Engines,  steam 

Engines,  steam 

Engines,  steam,  high  speed 

Engines,  steam,  high  speed 

Engines,  steam,  slow  speed 

Equipment 

Equipment,  electrical 

Equipment,  shop 

Equipment,  shop 

Equipment,  shop 

Equipment,  shop 

Equipment,  power  plant 

Exhausters  (gas  plant) 

Extractors,  tar,  P.  &  A.  (gas  plant) . . . 
Feeders,  see  Cable. 

Fences 

Fences 

Fences,  snow 

Foundations,  machinery,  same  as  life 

of  apparatus  supported 

Foundations,  machinery 

Furniture 


Estimated  Life, 

Years 

Authority 

50 

R 

16.6 

I 

50 

H 

15 

H 

50 

H 

22.2 

R 

50 

Q 

10 

J 

8-12 

A 

12.5 

I 

16.7 

J 

33 . 3  and  50 

I 

11.75 

M 

12.5 

L 

14.25 

N 

33.3 

I 

33.3 

J 

16.7 

J 

10-20 

Q 

22.2 

R 

15 

A 

10-33.3 

S 

13.3-20 

D 

15-20 

0,P 

15-25 

E 

20 

K,  T 

20-33.3 

B,  Q 

20-40 

U 

15 

A,  B 

20 

G 

20 

A 

8 

I 

11.75 

M 

10 

I 

10-25 

U 

10-33.3 

S 

13.3 

T 

20 

I 

25 

A 

40 

A 

14.3 

J 

20 

R 

10 

R 

C,  K 

16.6 

Q 

7 

A 
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Kind  of  Plant 

Furniture  and  fixtures 

Furniture  and  fixtures 

Gas   connections,    cast   iron    (within 

the  plant) 

Gas  (water)  machines  complete 

Gas  mains,  cast  iron  3  in.  and  4  in 

Gas  mains,  cast  iron,  6  in.  and  larger. 
Gas  mains,  wrought  iron  and  steel 

under  3  in 

Gas  mains,  wrought  iron  and  steel 

over  3  in 

Gas  services 

Generators 

Generators 

Generators 

Generator,  belted 

Generator,  belted 

Generator,  belted 

Generators,  direct  connected. 

Generators,  direct  connected 

Grenerators,  direct  connected 

Generators,  modern  type 

Generators,  obsolete  type 

Generators,  steam-turbo 

Generators,  steam-turbo 

Generators,  steam-turbo 

Governors,  gas  (consumer's) 

Governors  (gas  plant) 

Heaters 

Heaters 

Heaters 

Heaters,  feed  water,  closed 

Heaters,  feed  water,  open 

Holders,  (gas  plant) 

Horses  and  wagons,  see  Teams  and 

Vehicles. 

Hydrants 

Hydrants,  connections 

Locomotives 

Machinery,  coal  and  ash  handling. . .  . 
Machinery,  coal  and  ash  handling. . . . 
Machinery,  coal  and  ash  handling .... 
Machinery,  coal  and  ash  handling. . . . 
Machinery,  coal  and  ash  handling. . . . 

Machinery,  electrical 

Machinery,  fuel  oil  handling 

Machinery,  shop 

Machinery,  shop ^ 


12 


Estimated  Life, 
Years 

12.5 
20 


50 
30 
50 
75 

20 

30 

20 
.5-33.3 

15-20 

20 

10-20 

13.3 

15 

13.3 

20 

25 

20 

15 

15 

20 

10 

25 
5 
16.7-25 

22.2 

33.3 

30 

30 

60 


40-50 
6.6 

28-31 
5 

10 

14.3 

15-20 

20 

20-30 

25 

10 

10-30 


AUTHOBITY 

L 

I,  N,  R 

A 
A 
A 
A 


A 
A 
C 
P 

D,  K,  O,  Q 
S 
T 
U 
T 
S 

u 

A 
A 
B 
A 
G 
A 
A 
C 
R 

Q 
A 
A 
A 


E 
I 
V 
O 
O 
Q,  C 
P 
K 
E 
C 
J 
0 
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Kind  of  Plant 

Machinery,  shop 

Machinery,  shop 

Machinery,  shop 

Machinery,  shop .  .  . 

Meters,  electric  service 

Meters,  electric  service 

Meters,  electric  switchboard 

Meters,  gas  (consumers) 

Meter  cases,  station  (gas  plant) 

Meter  drums,  station  (gas  plant) .... 

Meters,  water 

Meters,  water. 

Motors 

Motors 

Motors 

Motors,  railway 

Motors,  railway 

Motors,  railway 

Motors,  railway,  see  Rolling  Stock, 
Electrical  Equipment. 

Overhead  equipment  (electric  rail- 
way)   

Overhead  spans,  complete 

Overhead,  special  work 

Overhead,  systems 

Overhead,  systems 

Paving 

Paving 

Paving 

Paving 

Paving 

Paving 

Paving 

Paving,  block 

Paving,  brick 

Paving,  tracks  in  car  houses 

Pipe,  black  iron 

Pipe,  cast  iron,  small  diameter 

Pipe,  cast  iron,  large  diameter 

Pipe,  galvanized  iron 

Pipe,  Matheson 

Pipe,  screw  flange 

Pipe-steel 

Pipe,  wood  stave 

Pipe,  wood 

Pipe,  also  see  Gas  Mains. 

Pipe,  fittings 

Piping  and  covering. 


Estimated  Life, 
Years 

Authority 

12:5 

L 

14.25 

N 

20 

R 

20-50 

P 

12.5 

B 

15 

I,  A 

20 

A 

25 

A 

50 

A 

20 

A 

20 

I 

20-30 

E 

10-20 

S 

15-25 

u 

20 

T 

10 

G 

20 

A,  K 

30 

C 

5 

Q 

20 

R 

12.5 

R 

10-20 

U 

13.3 

T 

2 

K 

10 

L 

10-25 

P 

11.7 

M 

12.5 

N 

20 

I 

20 

K 

40 

R 

22.2 

R 

28.6 

R 

10 

I 

20-40 

E 

50-75 

E 

10 

I 

30 

I 

20 

I 

25-50 

E 

20-30 

E 

25 

I 

20 

I 

5 

K 
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Kind  of  Plant 

Piping  and  covering 

Piping  and  covering 

Piping  and  covering 

Piping  and  covering 

Piping  and  covering 

Piping  and  covering 

Piping,  steam 

Piping,  steam 

Piping,  steam 

Poles,  iron 

Poles,  iron 

Poles,  iron 

Poles,  steel 

IV)les,  telephone 

Poles,  wood 

Poles,  wood 

Poles,  wood  in  concrete 

Poles,  wood  in  earth 

Poles,  wooden ; 

Pole  lines,  exchange  (telephone) 

Pole  lines,  tool  (telephone) 

Power  plant 

Power  plant 

Power  plant 

Power  plant  and  wire  telephone 

Pumps 

Pumps 

Pumps,  small  steam 

Pumps,  small  steam 

Pumps  and  auxiliary  machinery 

Pumps  and  auxiliaries 

Purifiers,  modern  (gas  plant) 

Rental  equipment,  electric 

Reservoirs 

Reservoirs  (except  where  subject  to 
heavy  deposit  of  silt) 

Rolling  stock,  cars  electric 

Rolling  stock,  cars  (including  all 
equipment) 

Rolling  stock,  bodies  closed  cars 

Rolling  stock,  cars,  bodies  open  cars. . 

Rolling  stock,  bodies  open  trailer. .  .  . 

Rolling  stock,  cars,  bodies,  trucks. .  . . 

Rolling  stock,  cars,  bodies,  trucks. . .  . 

Rolling  stock,  cars,  bodies  trucks 

Rolling  stock,  cars,  bodies,  trucks. .  .  . 

Rolling  stock,  cars,  bodies,  trucks. .  .  . 

Rolling  stock,  car  bodies  and  equip- 
ment  


Estimated  Life, 
Yeabs 

15 

15-20 
16.6 
20 

22.2-25 
28.6 
13.3 
28.6 
30-40 
20 
40 
50 
50 

12-15 
12-15 
14.3 
20 

12-18.2 
10 

10.5 
16 

12.5 
20 
50 
8 
20 

20-25 
15 
20 

20-30 
22.2 
50 
15 
33.3-50 

50-100 
13.3-16.7 

20 

20 

25 

25 

12.5 

15 

15-20 

16.7 

20 

15 


Authority 

B 
P 
D 
A,  O 
C 

Q 

T 

S 

u 
p 

A,0,Q 
R 
K 
A 
O 
R 
■A 
A 
G 
H 
H 
L 
N 

Q 

A 
C,  D,  K,  Q 

I 
A,  B 
G 
E 
R 
A 
I 
J 

E 
T 

R 
C 
C 
C 
L 
M 
O 
N 
P 
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Kind  op  Plant 

Rolling  stock,  electrical  equipment . .  . 

Rolling  stock,  equipment  electrical . . . 

Rolling  stock,  trucks 

Rolling  stock,  trucks 

Rolling  stock,  utility  equipment 

Rolling  stock,  cars,  wooden  freight . . . 

Rotary  converters 

Rotary  converters 

Rotaries 

Service  connection,  electrical 

Service  connections,  water 

Scrubbers  (gas  plant) 

Signal  apparatus 

Signal  apparatus,  interlocking 

Stacks,  see  Chimneys. 

Standpipe 

Standpipes 

Stokers 

Stokers,  moving  parts 

Stokers,  fixed  parts 

Switchboards 

Switchboards 

Switchboards 

Switchboards 

Switchboards. 

Switchboard  and  wiring 

Switchboard  and  wiring 

Switchboard  and  wiring 

Switchboard  and  wiring,  modern  type. 

Switchboard  and  wiring,  obsolete 
type 

Tanks,  storage  ammonia,  wrought 
iron  or  steel 

Teams  and  vehicles 

Teams  and  vehicles 

Teams  and  vehicles 

Telegraph  (signal) 

Telephone  equipment,  central  office. . 

Telephone  equipment,  sub-station 
(except  installations  but  including 
sub-station,  central  office  equip- 
ment, public  brand  exchanges, 
booths  and  special  fittings,  sub- 
license station  apparatus) 

Telephone  central  office  equipment 
including  distributing  frame 

Telephone  and  telegraph  lines 

Telephone,  subscribers'  sets 


Estimated  Life, 

Years 

AUTHORIT 

3.3-4-8.5 

Q 

11.75-15 

p 

20 

K 

30 

C 

20 

R 

27.5 

V 

20 

T 

20-25 

U 

22.2 

R 

28.5 

I 

20 

I 

30 

A 

10 

R 

20 

I 

10 

I 

25-40 

E 

4 

Q 

5 

C 

20 

C 

15-20 

P 

20 

T 

20-50 

U 

22.2 

R 

50 

0,Q,S 

33.3 

C 

16.7 

D 

20 

K 

20 

A 

15 

A 

15 

A 

5-8 

I 

10 

L,  R 

20 

N 

10 

R 

8.25 

H 

10 

A 

20 

I 

10 

A 

Kind  of  Plant 

Tools 

Tools 

Tools,  roadway 

Tools,  shop 

Tools,  shop 

Tools,  shop 

Tools,  shop 

Tools,  shop 

Track-ballast 

Track,  bonds 

Track,  fastenings  and  joints 

Track  fastenings 

Track,  main 

\  Track,  main 

Track,  main 

Track,  main 

Track,  straight 

Track-rails 

Track-rails 

Track  rails  in  city  streets . . . 
Track-rails  in  country  roads 
Track-rails  in  private  right  of  way 

Track,  rail  joints 

Track,  special  work 

Track,  special  work 

Track,  special  work 

Track,  special  work 

Track,  special  work 

Track,  special  work 

Track,  special  work 

Track,  substructure: 

City  streets 

Country  roads 

Private  right  of  way 

Track,  ties 

Track,  ties 

Track,  ties 

Transformers 

Transformers 

Transformers 

Transformers,  station  service 
Transformers,  station  service 
Transformers,  station  service 
Transmission  line  material . . . 
Transmission  line  material. . . 

Turbo-generators 

Turbines,  steam 

Turbines,  steam 
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)/X  B 

Estimated  Life, 
Years 

5 

7 

5 

10 

12.5 
14.25 
10-30 
20-50 
33.3 
20 
33.3 
40 
11.7 
12.5 
12.9-13.9 
13.3 
18.2 
33.3 
40 

22.2 
28.6 
28.6 
20 

8.5 
8-14-25 
10 

11.1 
11.75 
12.9-13-9 
25 

22.2 
14.3 
10 
8 
13.3 
20 
20 
20-33.3 
22.2 
15 

15-20 
20 
33.3 
50 
16.7 
20 
15 

26 

Authohitt 

I 

A 

I 

J,  R 

L 

N 

0 

P 

I 

A,  C 

I 

J 

M 

L,  N 

, 

P 

T 

A 

I 

J 

R 

R 

[  way . . . 

R 

c 

T 

O 

Q 

R 

A 

P 

I 

R 

R 

R 

J 

I 

C 

T 

u 

R 

B 

A 

I 
I 

R 

R 

A 

B 
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Kind  of  Plant 

Turbines,  steam 

Turbines,  steam 

Turbines,  water 

Valves 

Valves,  gate  (water) 

Washers,  cast  iron  (gas  plant) 

Water  supply  lines 

Wells,  tar  and  ammonia  (gas  plant) . . 

Wharves 

Wires 

Wires 

Wires 

Wiring 

Wire,  copper 

Wire,  guard 

Wire,  guard 

Wire,  telephone  aerial  exchange  bare 
copper 

Wire,  telephone  aerial  exchange  bare 
iron 

Wire,  telephone  aerial  exchange  insu- 
lated (including  drop  wires) 

Wire,  telephone  aerial  toll,  copper.  .  . 

Wire,  telephone  aerial  toll,  iron 

Wires,  telephone  interior  block 

Wire,  trolley  No.  0-1  min.  headway. . 

Wire,  trolley  No.  00-1  min.  headway. 

Wire,  trolley  No.  000-1  min.  headway. 

Wire,  trolley 

Wire,  weatherproof 

Wire,  weatherproof 

Wire,  weatherproof  iron 


Estimated  Life, 
Yeaks 

Authority 

20 

T 

20-40 

U 

30 

A 

16.6 

I 

40-50 

E 

40 

A 

25-33 . 3 

I 

50 

A 

33.3 

J 

15-25 

U 

20 

T 

50 

S 

7.1-10 

P 

20 

A 

10 

R 

8-15 

A 

14 


8.5 


6.5 

H 

30 

H 

15 

H 

8 

H 

2 

A 

2.5 

A 

3 

A 

20 

R 

13.3 

G 

16 

A 

15 

A 
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BIBLIOGRAPHY 

Arranged  By  Chapters 

The  works  listed  under  each  chapter  head  below  contain  matter  that 
bears  directly  or  collaterally  on  one  or  more  of  the  topics  discussed  in  the 
chapter. 

It  is  not  expected  that  the  student  will  look  into  every  book 
m  the  list — far  from  it.  For  example,  one  or  more  chapters 
in  any  one  of  the  first  four  books  named  below  might  be  adequate 
to  the  student's  present  interest  in  a  certain  topic.  The  reason 
for  naming  four  books  having  the  same  general  purpose  when  one 
would  suffice,  is  that  the  student  will  often  find  it  far  easier  to  lay 
hands  on  some  one  of  the  four  books  than  on  any  particular  one 
of  the  four.  The  insertion  of  other  similar  groups  of  titles  in 
the  Bibliography  is  similarly  justified. 

If  to  the  reader  there  occurs  an  idea  for  the  betterment  or 
enrichment  of  this  Bibliography,  I  hope  he  will  give  way  to  the 
generous  impulse  to  communicate  it  to  me. 

CHAPTER  I 

The  A  B  C's  of  Business.    H.  S.  Mc  Kee.    The  Macmillian  Co.,  N.  Y. 
Outlines  of  Economics.     R.  T.  Ely,     The  Macmillan  Co.,  N.  Y. 
Principles  of  Economics.     F.   W.  Taussig.     The   Macmillan  Co.,   N.   Y. 
Principles  of  Political  Economy.     J.  S.   Mill.     (Edited  by  J.  Laughlin.) 

D.  Appleton  &  Co.,  N.  Y. 
Principles  of  Economics.     A.  Marshall.     Macmillan  &  Co.,  London. 
Economics  of  Business.     N.  A.  Brisco.     The  Macmillan  Co.,  N.  Y. 
Principles  of  Business.     C.  W.  Gerstenberg.     Prentice-Hall,  N.  Y. 
The  Young  Man  in  Civil  Engineering.     G.   F.   Swain.     The  Macmillan 

Co.,  N.  Y. 
The  Young  Man  in  Mechanical  Engineering.     L.  P.  Breckenridge.     The 

Macmillan  Co.,  N.  Y. 
The  Young  Man  in  Electrical  Engineering.     C.  F.  Scott.     The  Macmillan 

Co.,  N.  Y. 
Addresses   to    Engineering  Students.     (A  collection.)     J.  A.  L.  Waddell. 

Waddell  &  Harrington,  Kansas  City,  Mo. 
Engineering  Economics.     (A  series  of  lectures  at  University   of  Kansas, 

1917.)     J.  A.  L.  Waddell.     Distributed  by  Dean  of  School  of  Engineer- 
ing, Univ.  of  Kansas,  Lawrence. 
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Contracts,    Specifications,    and    Engineering    Relations.     D.    W.   Mead. 
McGraw-Hill  Book  Co.,  N.  Y. 

CHAPTER  II 

(See  below.) 

CHAPTER  m 

The  Mathematical  Theory  of  Investment.     E.  B.  Skinner.     Ginn  &  Co., 

Boston. 
Introduction  to  Actuarial  Science.     H.   A.   Finney.     American  Institute 

of  Accountants,  N.  Y. 
Theory  of   Finance.     G.    King.     C.    &   E.   Layton,  London.     (Spectator 

Pub.  Co.,  N.  Y.) 
Institute  of  Actuaries'   Textbook,   Part  I.     Charles  and  Edwin  Layton, 

London. 
Mathematics  of   Finance.     H.   L.    Rietz   and   A.    R.   Crathorne.     Henry 

Holt  &  Co.,  N.  Y. 
Mathematics  for  the  Accountant.     E.  R.  Vinal.     Biddle  Business   Publi- 
cations, N.  Y. 
Engineer's  Valuing  Assistant.     H.  D.  Hoskold.     Longmans,  Green  &  Co., 

London  &  N.  Y.     (Contains  very  extensive  tables  pertaining  to  interest 

and  its  applications.) 

CHAPTERS  II  AND  IV 

Economics   of    Electrical    Distribution.     P.    O.    Reyneau.     McGraw-Hill 

Book  Co.,  N.  Y. 
Financial  Engineering.     O.  B.  Goldman.     John  Wiley  &  Sons,  N.  Y. 
Commercial  Economy  in  Steam  and  other  Thermal  Plants.     R.  H.  Smith. 

A.  Constable  &  Co.,  Ltd.,  London. 
''Electric  lighting  conductors."     Electrical  Review  (London),  Feb.  28,  1885, 

p.  189. 
"Kelvin's  law  of  economy  in  conductors."     Chap,  viii  of  Conductors  for 

Electrical  Distribution.     F.  A.  C.  Perrine.     D.  Van  Nostrand  Co.,  N. 

Y.,  1903. 
''The  maximum  distance  to  which  power  can  be  economically  transmitted." 

R.  D.  Mershon.     Am.  Inst,  of  Elec.  Engineers,  1904,  Vol.  23,  p.  759. 
"Economic  sizes  for  cast-iron  force  mains."     W.  L.  Butcher.     Eng.  Rec, 

May  13,  1905,  p.  558. 
"A  solution  of  the  problem  of  determining  the   economic   size   of   pipe 

for  high-pressure  water-power  installation,"     A.  L.  Adams.     Trans. 

Am.  Soc.  C.  E.,  December,  1907,  Vol.  59,  pp.  173-194. 
"Pipe  lines  for  hydraulic  power  plants."     A.  Jobson.  Eng.  Rec,  Dec.  21, 

1907,  p.  673. 
"To  determine  when  repairs  have  grown  so  great  as  to  justify  renewal." 

Handbook  of  Cost  Data,  pp.  27-33.     H.  P.  Gillette.     McGraw-Hill 

Book  Co.,  N.  Y. 
"Deduction  of  a  new  rational  formula  for  the  most  economic  length  of  each 

of  a  series  of  bridge  spans.     H.  P.  Gillette.     Engineering-Contracting, 

Jan.  4,  1911,  p.  21. 
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**  Deduction  of  a  general  formula  for  determining  the  most  economic  size 

of    pipe    to    carry    pumped    water."     H.    P.    Gillette.     Engineering- 
Contracting,  Jan.  25,  1911,  p.  113. 
"A  new  method  of  determining  economical  pipe  diameters."     F.  H.  Carter. 

Eng.  Rec.,  Dec.  16,  1911,  p.  722. 
"Comparative  value  of  cross-ties  of  different  materials."     A.  S.  Whinnery. 

Railroad  Gazette,  Nov.  11,  1904,  p.  537. 
"Economic   limit   of   pavement   repairs."     G.    H.    Norton.     The   Cornell 

Civil  Engineer,  Jan.  1915,  p.  123. 
"The  value  of  a  hydraulic  horse-power  at  the  wheel."     E.  W.  Retger. 

The  Cornell  Civil  Engineer,  Jan.  14,  1920,  pp.  47-49. 
"Present  Worth  Calculations."     W.  O.  Pennell.     Jour.  Assn.  Eng.  Soc, 

September,  1914. 
^  CHAPTERS  V-Vm 

Handbook  of  Construction  Cost.     H.  P.  Gillette.      McGraw-Hill  Book  Co., 

N.Y. 
Handbook  of  Cost  Data.     H.  P.  Gillette.     McGraw-Hill  Book  Co.,  N.  Y. 
Handbook  of  Mechanical  and  Electrical  Cost  Data.     H.    P.  Gillette  and 

R.  T.  Dana.     McGraw-Hill  Book  Co.,  N.  Y. 
Handbook  of  Electrical  Cost  Data.     H.  A.  Foster.     D.  Van  Nostrand  Co., 

N.  Y. 
Cost  of  Mining.     J.  R.  Finlay.     McGraw-Hill  Book  Co.,  N.  Y. 
Radford's  Estimating  and  Contracting.     W.  A.   Radford.     The  Radford 

Architectural  Co.,  Chicago. 
The   Building  Estimator's   Reference   Book.     F.   R.   Walker.     Frank   R. 

Walker  Co.,  Chicago. 
Concrete  Costs.     F.  W.  Taylor  and  S.  E.  Thompson.     John  Wiley  &  Sons, 

N.  Y. 
Handbook    of    Clearing   and    Grubbing.     H.    P.    Gillette.     McGraw-Hill 

Book  Co.,  N.  Y. 
Earthwork  and  its  Cost.     H.  P.  Gillette.     McGraw-Hill  Book  Co.,  N.  Y. 
Handbook   of   Rock   Excavation    (Methods   and   Cost).     H.    P.    Gillette. 

McGraw-Hill  Book  Co.,  N.  Y. 
Railroad  Structures  and  Estimates.     J.  W.  Orrock,     John  Wiley  &  Sons, 

N.  Y. 
Handbook    of    Construction    Equipment.     R.    T.    Dana.     McGraw-Hill 

Book  Co.,  N.  Y. 
Handbook  of  Building  Construction.     G.   A.  Hool  and   N.   C.   Johnson. 

McGraw-Hill  Book  Co.,  N.  Y. 
Railway  Estimates.     F.  Lavis.     McGraw-Hill  Book  Co.,  N.  Y. 
Economic  Theory  of  Railway  Location.     A.  M.  Wellington.     John  Wiley 

&  Sons,  N.  Y. 
Engineering  Office  Systems  and  Methods.     J.  P.  Davies.     McGraw-Hill 

Book  Co.,  N.  Y. 
(See  also  list  of  periodicals  which  publish  current  prices,  below  under  chap,  xv.) 

CHAPTERS  IX-XI 

Private  Corporations: 

Modern  Business  Corporations.     W.   A.   Wood.     Bobbs-Merrill  Co., 
Indianapolis. 
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Corporate  Organization.  T.  Conyngton.  The  Ronald  Press,  N.  Y. 
Corporate  Management.  T.  Conyngton.  The  Ronald  Press,  N.  Y. 
Manual  of  Corporate  Management.     T.  C.  Spelling.     3d  ed.  revised 

by  C.  Hillyer.     Bender-Moss  Co.,  San  Francisco. 
Corporation  Laws  of  California.     C.  F.  Curry.     Supt.  of  State  Printing, 

Sacramento,  Calif. 
Funds  and  Their  Uses.     F.  A.  Cleveland.     D.  Appleton  &  Co.,  N.  Y. 
Corporate  Finance.     W.   H.  Lough.     Alexander  Hamilton  Institute, 

N.  Y. 
The  Financial  Policy  of  Corporations.     (5  vols.)      A.  S.  Dewing.     The 

Ronald  Press  Co.,  N.  Y. 
Corporation  Finance.     Hastings  Lyon.     Houghton,  Mifflin  Co.,  N.  Y. 
Financing  an  Enterprise.     H.  R.  Conyngton.     The  Ronald  Press,  N.  Y. 
Public  Service  Corporations: 

A  Treatise  on  the  Law  of  Public  Utilities  Operating  in  Cities  and  Towns. 

O.  L.  Pond.     The  Bobbs-Merrill  Co.,  Indianapolis. 
Public  Corporations: 

Law  of  Municipal  Corporations.     J.  F.  Dillon.     Little,  Brown  &  Co., 

Boston. 
A  Treatise  on  the  Law  of  Municipal  Corporations.     E.  M.  McQuillen. 

Callaghan  &  Co.,  Chicago. 
Handbook  of  the  Law  of  Municipal  Corporations.     R.  W.  Cooley. 

West  Publishing  Co.,  St.  Paul,  Minn. 
Science  of  Finance.     H.  C.  Adams.     Henry  Holt  &  Co.,  N.  Y. 
American  City  Government — A  Survey  of  Newer  Tendencies.     C.  A. 

Beard.     The  Century  Co.,  N.  Y. 
The  Law  and  the  Practice  of  Municipal  Home  Rule.     H.  L.  McBain. 

Columbia  University  Press,  N.  Y. 
The  Government  of  American  Cities.     W.  B.  Munro.     The  Macmillan 

Co.,  N.  Y. 
The  Government  of  the  United  States,  National,  State  and  Local. 

W.  B.  Munro.     The  Macmillan  Co.,  N.  Y. 
Municipal  Government.     F.  J.  Goodnow.     The  Century  Co.,  N.  Y. 
History  and  Analysis  of  the  Commission  and  City  Manager  Plans  of 

City  Government  in  the  United  States.     T.  S.  Chang.     University 

of  Iowa,  Iowa  City. 
Municipal  Administration  and  Accounting.     F.  A.  Cleveland.     Long- 
mans, Green  &  Co.,  N.  Y. 
Municipal  Accounting.     D.  C.  Eggleston.     The  Ronald  Press  Co.,  N.  Y. 


CHAPTER  XII 

Principles  of  Bond  Investment.     L.  Chamberlain.     Henry  Holt  &  Co.,  N.  Y. 
Investment  Bonds.     F.  Lownhaupt.     G.  P.  Putnam's  Sons.,  N.  Y. 
Investment  Analysis.     W.  E.  Lagerquist.     Macmillan  Co.,  N.  Y. 
Money  and  Investments.     M.  Rollins.     Dana,  Estes  &  Co.,  Boston. 
The  Business  Man  and  His  Bank.     W.  H.  Kniffin.     McGraw-Hill  Book 
Co.,  N.  Y. 
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Engineering  Economics.  (A  series  of  lectures  at  University  of  Kansas, 
1917.)  J.  A.  L.  Waddell.  Distributed  by  Dean  of  School  of  Engineer- 
ing, Univ.  of  Kan.,  Lawrence. 

Elements  of  Business  Law.     E.  W.  Huff  cut.     Ginn  &  Co.,  N.  Y. 

Business  Law  for  Engineers.     C.  F.  Allen.     McGraw-Hill  Book  Co.,  N.  Y. 

The  Law  of  Operations  Preliminary  to  Construction  in  Engineering  and 
Architecture.     J.  C.  Wait.     John  Wiley  &  Sons,  N.  Y. 

Engineering  and  Architectural  Jurisprudence.  J.  C.  Wait.  John  Wiley 
&  Sons,  N.  Y. 

Contracts  in  Engineering.     J.  I.  Tucker.     McGraw-Hill  Book  Co.,  N.  Y. 

Contracts,  Specifications,  and  Engineering  Relations.  D.  W.  Mead. 
McGraw-Hill  Book  Co.,  N.  Y. 

*  CHAPTERS  Xm,  XIV 

Fundamentals  of  Accounting.     W.   M.  Cole.     Houghton,   Mifflin   &  Co., 

N.  Y. 
Modern  Accounting.     H.  R.  Hatfield.     D.  A.  Appleton  &  Co.,  N.  Y. 
Principles  of  Accounting.     A.  C.  Hodge  and  J.  O.   McKinsey.     University 

of  Chicago  Press,  Chicago. 
Principles  of  Accounting.     W.  A.  Paton  and  R.  A.  Stevenson.     Geo.  Wahr, 

Ann  Arbor,  Mich. 
Accounting  (3  vol.)     R.  B.  Kester.     The  Ronald  Press,  N.  Y. 
Fundamentals  of  Accounting.     S.  B.  Koopman.     The  Ronald  Press  Co., 

N.  Y. 
Lecture  Notes  on  Some  of  the  Business  Features  of  Engineering  Practice. 

A.  C.  Humphreys.     Stevens  Institute  of  Technology,   Hoboken,  N.  J. 
Net  Worth  and  the  Balance  Sheet.     H.  G.  Stockwell.     The  Ronald  Press 

Co.,  N.  Y. 
Statistics  in  Business.     H.  Secrist.     McGraw-Hill  Book  Co.,  N.  Y. 
Business  Statistics.     M.  T.  Copeland.     Harvard  University,  Cambridge, 

Mass. 
Efficient  Democracy.     W.  H.  Allen.     Dodd,  Mead  &  Co.,  N.  Y. 
Factory    Organization    and   Administration.     H.    Diemer.     McGraw-Hill 

Book  Co.,  N.  Y. 
Principles    of    Industrial    Organization.     D.    S.    Kimball.     McGraw-Hill 

Book  Co.,  N.  Y. 
Practical  Accounting  for  General  Contractors.     H.  D.  Grant.     McGraw- 
Hill  Book  Co.,  N.  Y. 
Cost  Accounting.     J.  R.  Wildman.     The   Accountancy  Pub.  Co.,    N.  Y. 
Business  Costs.     D.  C.  Eggleston  and  F.  B.  Robinson.     D.  Appleton  &  Co., 

N.  Y. 
Business  Accounting.     (5  vol.)     H.  D.  Greeley.     The  Ronald  Press  Co., 

N.  Y. 
Cost  Reports  for  Executives.     B.  A.  Franklin.     The  Engineering  Magazine 

Co.,  N.  Y. 
Practical  Cost  Keeping  for  Contractors.     F.  R.  Walker.     Frank  R.  Walker 

&  Co.,  Chicago. 
Construction  Cost  Keeping  and  Management.     H.  P.  Gillette  and  R.  T. 

Dana.     McGraw-Hill  Book  Co.,  N.  Y. 
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Manufacturing  Cost  and  Accounts. 
Co.,  N.  Y. 


A.  H.  Church.     McGraw-Hill  Book 


CHAPTER  XV 

Interest  Rate: 

The  Rate  of  Interest.     I.  Fisher.     The  Macmillan  Co.,  N.  Y, 
Population: 

Municipal  Engineering  Practice.     A.  P.  Folwell.     John  Wiley  &  Sons, 

N.  Y. 
Vital  Statistics.     G.  C.  Whipple.     John  Wiley  &  Sons,  N.  Y. 
*'The  Growth  of  population  of  American  cities  of  medium  size"  and 

"The  density  of  population  in   cities."     E.    Kuichling.     Report 

on  the  Proposed  Trunk  Sewer  for  the  East  Side  of  the  City  of 

Rochester,  N.  Y.,  Apr.  29,  1889. 
Earnings: 

Electric  Railway  Economics.     W.  C.  Gotshall.     McGraw-Hill  Book 

Co.,    N.    Y. 
Economics  of  Railroad  Location.     W.  L.  Webb.     John  Wiley  &  Sons, 

N.  Y. 
Economic  Theory  of  Railway  Location.     A.   M.   Wellington.     John 

Wiley  &  Sons,  N.  Y. 
Design  of  Railway  Location.     C.  C.  Williams.     John  Wiley  &  Sons, 

N.  Y. 
"Modern  methods  of  economical  location."     H.    H.    Edgerton,    Jr. 

Engineering  and  Contracting,  Feb.  18,  1914,  pp.  229-232. 
Prices  and  Wage  Rates: 

A  Century  of  Prices.     T.  E.  Burton  and  G.  C.  Selden.     The  Magazine 

of  Wall  Street,  N.  Y. 
Price  Changes  and  Business  Prospects.     L.  P.  Ayres.     The  Cleveland 

Trust  Co.,  Cleveland,  1921. 
Indices  of  General  Business  Conditions.     W.  M.  Persons.     Harvard 

Economic  Service,  Cambridge,  Mass. 
"Price  levels  in  relation  to  value."     C.  F.  Elmes.     Paper  read  at  the 

fortieth  annual  meeting  of  the  Am.  Soc.  Mech.  Eng.     Reprints 

by  Sanderson  &  Porter,  Chicago,  N.  Y.,  San  Francisco. 
"Appraisals  and  rate  making."     C.  F.  Elmes.     Paper  read  before  III. 

Gas  Assn.,  March  20,  1919.     Chicago.     Reprints  by  Sanderson 

&  Porter,  Chicago,  N.  Y.,  San  Francisco. 
"Quantitative  analysis  of  all  factors  that  affect  average  prices  and  a 

formula  for  predicting  price  changes."     H.  P.  Gillette.     Engineer- 
ing and  Contracting,  April  7, -1920,  pp.  381-402. 
"Past  and  future  price  levels."     Engineering  and  Contracting,  Aug.  3, 

1921,  pp.  97-101. 
Periodicals  Which  Publish  Price  Data: 

American  Contractor  (weekly) :  building  materials,  lumber,  sand,  gravel, 

crushed  stone,  structural  material. 
American  Lumberman  (weekly) :  lumber. 
American  Machinist  (weekly) :  metals. 
American  MetcU  Market  (daily):  iron,  steel,  junk,  metals. 
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Annalist  (weekly) :  iron,  steel,  metals,  petroleum,  rubber. 

Architectural  Forum  (monthly) :  building  materials. 

Automobile    Trade    Journal    (monthly):    automobiles,    metals,    junk, 

rubber,  rubber  tires,  tubes. 
Bradstreet's  Journal  of  Trade  (weekly):  coke,  hay,  straw,  feed,  iron, 

steel,  junk,  linseed  oil,  metals,  petroleum. 
Brass  World  and  Platers '  Guide  (monthly) :  metals,  chemicals. 
Brookmire  's  Trade  Bulletin  (monthly) :  building  materials,  chemicals, 

coke,  hay,  straw,  feed,  rope,  iron,  steel,  petroleum,  linseed  oil, 

rubber,  lumber,  turpentine,  metals,  paper. 
Buildings  Materials  Prices  (U.  S.  Dept.  of  Commerce.     Div.  of  Building 

and    Housing   of    Bureau    of    Standards.     Washington,    D.    C.) 

(monthly) :  market  prices  of  24  kinds  of  materials  in  45  cities  of 

the  U.  S. 
Building  Supply  News  (bi-weekly) :  building  materials,  sand,  gravel, 

crushed  stone. 
Chemical  Color  and  Oil  (daily) :  chemicals,  linseed  oil,  oils,  paints,  resin. 
Chemicals  and  Metallurgical  Engineering  (weekly) :  chemicals. 
Commercio  (monthly):  grease,  hay,  straw,  feed,  rope,  ink,  linseed  oil, 

lumber,  oils,  paints,  paper,  resin,  rubber,  turpentine. 
Commerce  and  Finance  (weekly) :  grease,  iron,  steel,  metals. 
Commercial  and  Financial  Chronicle  (weekly) :  grease,  iron,  steel,  linseed 

oil,  metals,  petroleum,  rubber,  turpentine. 
Commercial  Car  Journal  (monthly) :  metals,  junk,  rubber. 
Dun's  Review  (weekly):  rope,  iron,  steel,  lumber,  metals,  naval  stores, 

paints,  paper,  petroleum,  rubber,  turpentine. 
Electrical  World  (weekly):  metals,  electrical  supplies,  electrical  appli- 
ances, junk. 
Engineering  and  Mining  Journal — Press  (weekly) :  metals. 
Engineering   News-Record    (weekly):   construction   materials,   railway 

supplies,  pipe,  labor,  lumber,  sand,  gravel,  crushed  stone,  structural 

material,  explosives. 
Financial  America  (daily) :  grease,  metals. 
Financial  Review  (annual):  building  materials,  chemicals,  coal,  coke, 

grease,  hay,  straw,  feed,  rope,  iron,  steel,  linseed  oil,  metals,  naval 

stores,  paper,  petroleum,  rubber,  turpentine. 
The  Foundry  (semi-monthly) :  raw  materials  for  foundries. 
Index   (weekly):   a  statistical  service  for  the  construction  industry 

(published  by  Associated  General  Contractors  of  America,  Wash- 
ington, D.  C.) 
India   Rubber    World  (monthly):  chemicals,  cotton  fabrics,  dyes,  oils, 

rubber,  linseed  oil,  resin,  shellac. 
Iron  Age   (weekly):  metals,  coke,  iron,  steel,  junk,  paints,  structural 

material. 
Iron  Trade  Review  (weekly) :  metals. 
Journal    of    Commerce    and    Commercial   Bulletin    (daily):   chemicals, 

gasoline,    naphthas,    grease,    hay,   straw,  feed,   rope,  iron,  steel, 

junk,  linseed  oil,  metals,  paints,  paper,  petroleum,  resin,  rubber. 
Journal  of  Industrial  and  Engineering  Chemistry  (monthly) :  chemicals, 

coal  tar,  colors,  fertilizers,  metals,  oils. 
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Marine  News  (monthly) :  iron,  steel,  metals. 

Metal  Industry  (monthly) :  chemicals,  metals. 

Metal    Statistics    (annual):   iron,  steel  metals,  structural  materials. 

Mineral  Industry  (annual) :  minerals. 

Mining  and  Scientific  Press  (weekly) :  metals. 

Monthly  Crop  Reporter  (monthly) :  hay,  straw,  feed. 

Monthly  Summary  of  Foreign  Commerce  of  the  United  States:  building 

materials,  chemicals,  coal,  gasoline,  naphthas,  hay,  straw,  feed, 

rope,  iron,   steel,   naval  stores,   oils,   paper,   petroleum,   rubber, 

structural  materials,  turpentine. 
Motor   Records    (monthly):   electrical  supplies,    electrical   appliances, 

rubber  tires,  tubes. 
National   Petroleum    News    (weekly):  gasoline,  naphthas,  linseed  oil, 

oils,  petroleum,  turpentine. 
National  Provisioner  (weekly) :  grease,  linseed  oil,  oils. 
New   York  Commercial  (daily):  chemicals,  gasoline,  naphthas,  grease, 

hay,  straw,  feed,  rope,  iron,  steel,  junk,  linseed  oil,  metals,  naval 

stores,  oils,  petroleum,  resin,  rubber,  shellac,  structural  material, 

turpentine. 
Oil,  Paint,  and  Drug  Reporter  (weekly) :  chemicals,  drugs,  dyes,  naval 

stores,  oils,  paints,  gasoline,  naphthas,  glass,  glues,  grease,  metals, 

petroleum,  resin,  shellac,  turpentine. 
Paint,  Oil  and  Chemical  Review  (weekly) :  chemicals,  glues,  linseed  oil, 

naval  stores,  oils,  paints,  resin,  shellac,  steel,  wool. 
Paper  (weekly) :  paper,  pulp,  rope. 
Paper  Trade  Journal  (weekly) :  rope,  paper. 
Real  Estate  Record  and  Builder's  Guide  (weekly):  building  material, 

glass,    linseed    oil,    lumber,    sand,    gravel,    structural    material, 

turpentine. 
Rock  Products  (bi-weekly):  building  materials,  sand,  gravel,  crushed 

stone. 
Steel  and   Metal   Digest    (monthly):  coke,   iron,   steel,   junk,   metals, 

structural  materials. 
Street  (weekly) :  iron,  steel,  metals. 
Textile   World    (weekly):  chemicals,   cotton,  dyestuffs,  textile  yarns, 

waste,  paints. 
Waste  Trade  Journal  (weekly) :  iron,  steel,  junk,  metals,  rubber. 

CHAPTERS  XVI  AND  XVII 

Public  Utilities,  Their  Cost  New  and  Depreciation.     H.  V.  Hayes.     D.  Van 

Nostrand  Co.,  N.  Y. 
Present  Value  and  Fair  Return.     H.  V.  Hays.     D.  Van  Nostrand  Co.,  N.  Y. 
What  is  Fair?     W.  G.  Raymond.     John  Wiley  &  Sons,  N.  Y. 
Valuation  of  Public  Service  Corporations.     (2  vol.)     R.  W.  Whitten.     The 

Banks  Law  Pub.  Co.,  N.  Y. 
'Valuation    of    Public    Utility  Properties.     H.   Floy.     McGraw-Hill  Book 

Co.,  N.  Y. 
Value  for  Rate  Making.     H.  Floy.     McGraw-Hill  Book  Co.,  N.  Y. 
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Engineering  Valuation  of  Public  Utilities  and  Factories.     H.  A.  Foster. 

D.  Van  Nostrand  Co.,  N.  Y. 
Public  Utility  Rates.     H.  Barker.     McGraw-Hill  Book  Co.,  N.  Y. 
Railroad   Valuation   by  the    Interstate    Commerce   Commission.     H.    B. 

Vanderblue.     Harvard  University  Press. 
The  Valuation  of  American  Timber  Lands.     K.   W.   Woodward.     John 

Wiley  &  Sons,  N.  Y. 
Oil  Land   Development  and  Valuation.     R.   P.    McLaughlin.     McGraw- 
Hill  Book  Co.,  N.  Y. 
Mathematics    of   Finance.     H.    R.    Rietz  and  A.   R.  Crathorne.     Henry 

Holt  &  Co.,  N.  Y. 
Principles  of  Depreciation.     E.  A.  Saliers.     The  Ronald  Press  Co.,  N.  Y. 
**  Price  levels  in  relation  to  value."     C.  F.  Elmes.     Presented  at  fortieth 

annual  meeting  Am.  Soc.  M.  E.     Reprints  by  Sanderson  &  Porter, 

Chicago,  N.  Y.,  San  Francisco. 
"Appraisals  and  rate  making."     C.  F.  Elmes.     Paper  read  before  111.  Gas. 

Assn.     March  20,  1919.     Reprints  by  Sanderson  &  Porter,  Chicago, 

N.  Y.,  San  Francisco. 
''Bibliography  on  valuation  of  public  utilities."     Trans.  Am.  Soc.  C.  E.j 

vol.  Lxxvi,  Dec,  1913.     Also  Bulletin  159,  Am.  Ry.  Eng.  Assn. 

CHAPTER  XVm 
Method  of  Least  Squares.     M.   Merriman.     John  Wiley  &  Sons,    N.  Y. 

CHAPTER  XIX 

The  Philosophy  of  Style.     Herbert  Spencer.     D.  Appleton  &  Co.,  N.  Y. 
Theory  and  Practice  of  Technical  Writing.     S.  C.  Earle.     The  Macmillan 

Co.,  N.  Y. 
A  Manual  for  Writers.     J.  M.  Manley  and  J.  A.  Powell.     The  University 

of  Chicago  Press,  Chicago. 
Technical  Exposition.     K.  O.  Thompson.     Harper  &  Bros.,  N.  Y. 
Handbook  of  English  for  Engineers.     W.  O.  Sypherd.     Scott,  Foresman 

&  Co.,  Chicago. 
Composition  of  Technical  Papers.     H.  A.  Watt.     McGraw-Hill  Book  Co., 

N.  Y. 
Technical  Writing.     T.  A.  Rickard.     John  Wiley  &  Sons,  N.  Y. 
Mechanics  of  Writing.     E.  C.  Wooley.     D.  C.  Heath  &  Co.,  Boston. 
Manual  of  Style.     The  University  of  Chicago  Press,  Chicago. 
Putnam's  Word  Book.     L.  A.  Fleming.     G.  P.  Putnams'  Sons,  N.  Y. 
Roget's  Thesaurus.     C.  O.  S.  Mawson.     T.  Y.  Crowell  Co.,  N.  Y. 
Elements  of  Specification  Writing.     R.  S.  Kirby.     John  Wiley  &  Sons, 

N.  Y. 
"Technical  Book  Writing."     J.  A.  L.  Waddell.     Reprinted  from  Bulletin 

of  the  Society  for  the  Promotion  of  Engineering  Education,  vol.  vii, 

No.  3,  1916. 


APPENDIX  D 
QUESTIONS  AND  PROBLEMS 

It  is  not  expected  that  the  instructor  will  assign  to  any  one 
class  all  of  the  numerical  problems  appearing  below  under  any 
chapter  head;  but  rather  that  he  will  select  from  those  offered 
such  as  best  fit  the  class. 

I  shall  be  grateful  for  notice  of  any  errors  or  inconsistencies 
discovered  herein,  and  shall  gladly  receive  new  questions  or 
problems,  few  or  many,  from  anyone  who  will  kindly  contribute 
them  for  the  improvement  of  this  appendix. 

CHAPTER  I 

1.  Name  some  way  of  profitably  employing  capital,  which  does  not  involve 

a  business  unit  of  some  kind. 

2.  Describe  the  series  of  "services"  the  resultant  of  which  is  (a)  a  slice  of 

bread  served  in  a  restaurant;  (6)  a  ride  on  a  steam  railroad;  (c)  any 
other  common  service. 

3.  Name  a  particular  business  unit,  known  to  you,  which  is  (a)  an  indi- 

vidual business;  (6)  a  partnership;  (c)  a  private  corporation;  (d)  a 
public  corporation. 

4.  Justify  the  statement,  The  true  and  legitimate  purpose  of  a  city  govern- 

ment is  the  rendering  of  that  service  which  offers  the  most  advan- 
tageous employment  of  capital  available. 

5.  Give  a  definition  of  the  word  ''structure''  as  employed  in  the  text. 

6.  Name  an  engineering  structure  not  listed  in  the  text. 

7.  State  the  steps  likely  to  be  taken  in  converting  into  an  actual  operating 

structure  the  idea  that  an  electric  lighting  plant  (or  any  other  kind 
of  engineering  structure)  would  be  profitable  in  a  given  locality. 

8.  In  which  steps  (of  question  7)  would  an  engineer  be  called  on  to  take 

part? 

9.  In  what  ways,  other  than  through  the  medium  of  a  business  unit,  can 

an  engineer  convert  his  professional  knowledge  into  public  benefit? 

10.  Give  two  reasons  why  the  young  engineer  should  have  some  knowledge 

of  the  operations  of  the  non-engineering  departments  of  the  business 
unit  which  he  serves. 

11.  What  is  Engineering  Economics? 

12.  Name  an  engineering  position  in  which  some  knowledge  of  Engineering 

Economics  is  not  necessary  for  success. 

13.  Read  (in  some  text  book  on  the  Elements  of  Economics)  (a)  on  capital ; 

(6)  on  business  units.     Hand  in  a  250-word  summary  of  your  reading 
on  each  topic. 

278 


APPENDIX  D  279 

CHAPTER  n 

1.  Name  types  of  investment  opportunities  advertised  in  the  daily  news- 

paper. 

2.  What  is  the  object  of  analyzing  a  problem? 

3.  If  two  analyses,  made  respectively  by  two  men  acting  each  indepen- 

dently, are  not  carried  along  the  same  lines,  is  one  of  the  analyses  neces- 
sarily incorrect?     Sta^e  your  reasons. 

4.  What  qualities  would  you  consider  in  choosing  between  a  portable  type- 

writer and  a  standard  typewriter? 

5.  What  qualities  of  educational  institutions  did  you  consider  in  reaching 

a  decision  to  attend  the  institution  you  now  attend?  Distinguish 
between  the  reducible  data  and  the  irreducible  data  which  you  con- 
sidered. Which  irreducible  datum  carried  most  weight  in  your 
choice? 

6.  What  irreducible  data  have  influenced  you  in  deciding  whether  or  not 

to  enter  "student  activities"? 

7.  Give  an  example  to  illustrate  the  third  paragraph  of  §210. 

8.  What  is  the  essential  difference  between  first  procedure  given  for  solving 

Example  (§214)  and  procedure  of  current  practice?  Why  is  the 
second  procedure,  rather  than  the  first,  used  in  practice? 

9.  Do  you  think  the  second  sentence  of  the  quotation  of  §224  is  true? 

State  your  reason. 
10.  We  can  (1)  loan  $8000  on  mortgage  to  a  farmer,  for  3  yr.  at  7%  per 
annum;  or  (2)  engage  in  a  trucking  business  for  3  yr.  with  the  follow- 
ing outlays  and  returns:  total  cost  of  trucks,  new,  $12,000;  trucks  sell, 
after  3  yr.  use,  for  $3000;  annual  cost  of  operation,  upkeep,  etc., 
$15,000;  annual  gross  earnings,  $20,000.  Compare  these  two  oppor- 
tunities (a)  on  the  lines  followed  in  §§215-220;  and  (6)  on  the  lines 
followed  in  §§221-227. 

CHAPTER  m 
SIMPLE  INTEREST 

1.  What  interest  is  due  on  each  interest  day  in  case  of  note  for  $7800  for 

2  yr.,  interest  at  6%  payable  semi-annually?  (Compute  on  365  day 
basis.     Check  by  Table  H.) 

2.  A  note  for  $1438.50  bearing  8%  interest  payable  annually  is  dated  Feb. 

15,  1917.  What  is  the  accrued  interest  June  1,  1917?  (Compute  on 
365  day  basis,  check  by  Table  H.) 

3.  What  is  accrued  interest  on  Sept.  25,  1918  on  note  for  $250  at  5%  pay- 

able annually  dated  July  14,  1918?  (Compute  on  365  day  basis  and 
check  by  Table  H.) 

4.  What  is  the  accrued  interest  on  March  13,  1916,  on  note  dated  July  20, 

1915  for  $1000  bearing  interest  at  7%  payable  annually?  (Compute 
on  360  day  basis.     Check  by  Table  J.) 

5.  J.  Smith  gave  note  for  $2000  on  Jan.  1,  1911  at  6%  payable  annually. 

He  paid  principal  and  interest  on  June  3,  1911.  What  was  the  inter- 
est?    (Compute  on  360  day  basis.    Check  by  Table  J.) 
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6.  Y.  Jones  gives  his  note  for  $1700  on  Feb.  15,  1919  with  interest  at  4% 

payable  annually.  He  pays  principal  and  interest  on  March  11,  1919. 
What  interest  does  he  pay?  (Compute  on  360  day  basis.  Check  by 
Table  J.) 

COMPOUND  INTEREST 

Amount  or  Accumulation 

7.  By  arithmetic  find  the  compound  amount  of  $1  at  3%  per  period:  (a) 

at  the  end  of  the  first  period;  (6)  at  the  end  of  the  second  period;  (c) 
of  the  third  period,  {d)  With  the  help  of  logarithms  find  the  com- 
pound amount  at  3%  per  period  for  10  periods,  20  periods,  30  periods, 
100  periods,  (e)  Set  all  your  amounts  down  in  tabular  form  with 
number  of  periods  in  one  column  and  the  corresponding  amount 
opposite  each  number  in  another  column.  Compare  your  table  with 
Table  A. 

8.  With  the  help  of  Table  A  solve  the  following  problems:  (a)  Find  the 

compound  amount  of  $300  at  4%  compounded  annually  for  16  yr. 
(6)  $100  was  deposited  in  bank,  paying  2%  compounded  annually, 
20  yr.  ago.  What  is  the  amount  now?  (c)  If  the  principal  is  $200, 
and  the  rate  3%  per  annum,  find  the  amount  at  the  end  of  12  yr. 
{d)  Accumulate  $100,  10  yr.,  at  4%  compounded  annually,  (e) 
$200  runs  8  yr.  at  8  %  compounded  annually.  Find  the  amount. 
(/)  Find  the  amount  at  6%  at  the  end  of  6  yrs.  on  $300.  {g)  Find 
the  amount  of  $250  after  running  30  yr.,  if  the  interest  rate  is  8% 
compounded  every  three  months,  {h)  At  8%  compounded  quarterly, 
what  is  the  amount  of  $362.50  at  the  end  of  26  yr.?  {i)  Accumulate 
$412.05,  35  yr.  at  8%  compounded  quarterly. 

9.  (a)  Find  the  credit  existing  today  in  an  account  in  a  bank  paying  6% 

(annually),  in  which  $300  was  deposited  64  yr.  ago.  (6)  A  $100  de- 
posit earns  interest  at  4  %  compounded  annually  for  53  yr.  What 
is  the  amount? 

10.  (a)  Laying  off  years  along  the  x-axis  and  amounts  along  the  ?/-axis,  plot 

the  amount  of  1  (unit  of  money)  at  23^  %  for  10,  20,  30,  40,  50  yr. 
(Use  these  scales:  1  in.  =  10  yr.;  1  in.  =  1  (unit  of  money.  The 
amounts  may  be  taken  from  Table  A.)  Draw  a  smooth  curve  through 
the  plotted  points.  (6)  On  the  same  axes  plot  a  corresponding  curve 
on  the  basis  of  5%  interest,  (c)  Describe  these  curves.  Where  do 
they  change  most  rapidly,  in  the  immediate  future  or  in  the  distant 
future?  {d)  What  is  the  effect  of  changing  the  rate  of  interest? 
When  is  this  effect  most  noticeable,  in  the  immediate  future  or  the 
distant  future?  What  bearing  do  these  curves  have  on  the  question 
of  building  a  structure  now  for  use  only  in  the  distant  future? 

Present  Worth,  or  Discount 

11.  (a)  Using  arithmetic  find  the  present  worth  of  $1  due  one  period  hence 

Sit  2%;  due  2  periods  hence;  3  periods  hence.  (6)  Using  logarithms, 
find  the  present  worth  at  2%  of  $1  due  10  periods  hence;  20,  30,  100 
periods  hence,     (c)  Set  these  values  down  in  a  table  as  in  7(e)  above. 
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Compare  your  table  with  Table  B.  {d)  What  relation  exists  between 
each  value  of  Table  B  and  the  corresponding  value  of  Table  A?  If 
you  had  only  Table  B,  how  would  you  find  compound  amount? 
With  Table  A,  how  would  you  find  present  worth?  Why  are  both 
these  tables  given? 

12.  With  the  help  of  Table  B  solve  the  following:  (a)  Find  the  present 

worth  of- $100  due  24  j^.  hence  af4%  compounded  semi-annually. 
(b)  Discount  $300  at  33^  %  (compounded  annually)  for  28  yr.  (c) 
Find  the  present  worth  of  $500  due  15  yr.  hence  at  5%  (compounding 
semi-annually),  (d)  Find  the  value  of  $425.20,  discounted  28  yr. 
at  8%  (compounding  quarterly),  (e)  What  was  the  equivalent  29 
yr.  ago  of  $342.70  today,  at  8%  (compounding  quarterly)  ?  (/)  What 
does  $528.30  become  after  being  discounted  51  yr.  at  4%  (com- 
pounding semi-annually)  ? 

13.  (a)  Find  the  value  today  of  $358  due  in  52  yr.  (money  is  worth  3%). 

(6)  What  sum  must  be  deposited  in  a  bank  paying  4%  compounded 
annually  to  amount  to  $280  in  64  yr.  ?  (c)  Find  the  present  worth 
of  $358.80  due  in  52  yr.  at  3%  (compounding  annually),  (d)  Dis- 
count $280,  64  yr.  at  4%  (compounding  annually),  (e)  Find  the 
equivalent  76  yr.  ago  of  $426,  at  23^%  (compounding  annually). 

14.  (o)  With  the  help  of  Table  B,  plot  a  curve  of  the  present  worths  of  $1 

up  to  50  yr.  hence  at  2}4%-  (Take  ordinates  every  10  yr.;  abcissa 
scale,  1  in.  =  10  yr.;  ordinate  scale,  1  in.  =  one  dime.)  (b)  Double 
the  rate  and  plot  the  resulting  curve  on  the  same  axes,  (c)  Describe 
these  curves,  (d)  What  is  the  effect  of  increasing  the  rate?  Where 
does  a  change  in  rate  have  the  most  effect? 

15.  (a)  What  would  be  the  effect  today,  in  per  cent,  of  an  error  of  100%  in 

the  estimated  salvage  value  of  a  concrete  and  steel  bridge  whose  life 
is  50  yr. ,  if  money  is  worth  4  %  ?  (6)  What  difference  would  it  make 
in  the  effect  if  the  bridge  were  to  last  only  45  yr.  ?  (c)  What  differ- 
ence would  it  make  if  the  rate  on  money  were  6%  instead  of  4%? 

Rate 

16.  By  inspection  of  the  tables  find  approximate  answers  to  the  following: 

(a)  Find  the  rate  at  which  $200  amounts  to  $273.70  in  8  yr.  (annual 
compounding).  (6)  At  what  rate  will  $100  grow  to  $121.90  in  10  yr., 
interest  compounded  annually?  (c)  If  $300,  compounded  annually 
for  6  yr.,  accumulates  to  $358.20,  what  is  the  rate  of  interest?  (d) 
$155  is  present  value  of  account  at  a  savings  bank  in  which  $100  was 
deposited  10  yr.  ago.  On  the  basis  of  semi-annual  compounding, 
what  rate  does  the  bank  pay?  (e)  After  running  8  yr.,  a  $200  de- 
posit becomes  $274.56.  If  the  bank  pays  interest  compounded  semi- 
annually, what  is  the  rate? 

Time 

17.  By  inspection  of  tables  find  approximate  answers  to  the  following:  (a) 

Find  the  time  in  which  $100  will  amount  to  $116  at  4%.  (6)  The 
accumulated  value,  after  a  certain  time,  of  $250  is  $1134.50.     What 
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is  the  time  if  the  interest  rate  is  5%?  (c)  $50  amounts  to  S369.60 
at  5%.  How  long  did  it  run?  (d)  How  long  will  it  take  a  sum  to 
triple  itself  at  4%?  (e)  $100  at  43^%  will  amount  to  $185.20  in 
how  long? 

Equivalence 

18.  Make  a  time  schedule,  and  enter  thereon  the  following  payments:  $1 

due  today,  $3  due  two  periods  hence;  $5  due  one  period  ago;  $2  due 
four  periods  ago;  and  $1  due  three  periods  hence.  (Assume  money 
worth  2%  per  period.)  (a)  Discount  all  these  payments  to  the  due 
date  of  the  earliest  (using  Table  B);  add  results.  (6)  Accumulate 
them  all  to  the  date  of  the  latest  (using  Table  A),  and  add  results, 
(c)  Discount  the  payment  $2  to  the  date  of  $1,  and  compare,  (d) 
Reduce  them  all  to  the  present  date,  (e)  What  is  the  right  to  receive 
these  payments  on  their  given  dates  worth  today?  What  was  it 
worth  four  periods  ago?     What  will  it  be  worth  three  periods  hence? 

19.  Solve  the  following:  (a)  Given,  $100  due  on  Jan.  1  of  each  year,  1901, 

1910,  1918,  1921,  1925.  Reduce  all  these  to  a  single  equivalent  pay- 
ment on  Jan.  1,  1903.  (6)  Reduce  to  a  single  payment  on  Jan.  1, 
1912.  '  (c)  Reduce  to  a  single  payment  on  Jan.  1,  1902. 

Uriiform  Series  of  Payments 

20.  Using  Table  A,  find  the  present  equivalent  of  a  series  in  which  $1  has 

been  deposited  at  the  end  of  each  year  for  the  past  2  yr.,  3  yr.,  4  yr., 
5  yr.,  6  yr.  (money  at  4%  per  annum).  Set  these  values  down  in  a 
table  as  in  previous  similar  exercises.  Compare  your  table  with 
Table  C.  What  is  the  relation  between  values  in  Table  C  and  the 
corresponding  values  in  Table  A? 

21.  I  deposit  $500  at  the  end  of  each  year  for  8  yr.  in  a  savings  bank  paying 

4%  compounded  annually.  What  is  my  credit  at  the  bank  after 
making  the  last  deposit? 

22.  What  is  the  equivalent,  at  the  date  of  the  last  payment,  of  a  series  of  6 

annual  $200  payments,  if  money  is  worth  6%? 

23.  Plot  a  curve  showing  amount  of  1  per  annum  (payable  at  the  year  end) 

for  50  yr.  (a)  Without  interest;  (6)  with  interest  at  3%;  (c)  with 
interest  at  6%.  (Take  values  from  Table  C.  Use  these  scales: 
1  in.  =  10  yr.;  1  in.  =  10  units  of  money.)  (d)  Describe  the  result- 
ing curves. 

24.  Using  Table  A  or  B,  find  the  present  equivalent  of  a  series  of  payments 

in  which  $1  will  be  paid  at  the  end  of  each  year  for  1  yr.;  2  yr. ;  3  yr.; 
5  yr.  Interest  at  4%  per  annum.  Set  your  values  down  in  a  table 
as  in  previous  similar  exercises.  Compare  your  table  with  Table  D. 
What  is  the  relation  between  a  value  in  Table  D  and  the  correspond- 
ing value  in  Table  C?     Prove  the  relation. 

26.  If  money  is  worth  4  %  per  annum,  what  is  the  present  equivalent  of  the 
following  series  of  payments:  $1200  at  each  year  end  for  a  32  yr. 
period  beginning  now? 

26.  What  sum  must  I  deposit  in  a  bank,  paying  4%  per  annum,  on  Dec.  31 
this  year  in  order  to  draw  from  the  bank  on  each  succeeding  Dec.  31 
for  the  next  25  yr.  the  sum  of  $500? 
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27.  I  obtain  the  lease  of  a  farm  for  5  yr.  beginning  Jan.  1,  1922,  at  an 

annual  rental  of  $2000  payable  at  each  year  end.  If  money  is  worth 
8%  per  annum  to  me,  what  could  I  afford  to  offer,  as  a  lump  sum 
payment  on  Jan.  1,  1922,  in  lieu  of  the  series  of  annual  payments? 

28.  Plot  a  curve  showing  the  present  worth  of  1  per  annum  (a)  without 

interest;  (6)  with  interest  at  3%;  (c)  with  interest  at  6%.  (Use  these 
scales:  horizontal,  1  in.  j=  10  yr.;  vertical,  1  in.  =  10  units  of  money. 
Points  need  be  plotted  only  for  5,  10,  etc.,  up  to  50  yr.  Values  of 
ordinates  may  be  taken  from  Table  D.)     (d)  Describe  the  curves. 

29.  Using  Table  A  find  what  uniform  deposit  must  be  made  in  a  savings 

•  bank,  paying  4  %  per  annum,  at  each  year  end  for  each  of  the  following 
periods  in  order  that  after  making  the  final  deposit  the  accumulated 
credit  shall  be  $1:  1  yr.;  2  yr.;  3  yr.;  4  yr.;  5  yr.;  6  yr.  Make  a 
table  of  your  values,  and  compare  it  with  Table  E. 
SO.  Plot  a  curve  showing  the  relation  between  (1)  the  size  of  the  uniform 
year-end  payments  of  a  series  which  amounts  to  $1,  and  (2)  the  life 
of  the  series:  (a)  with  interest  at  zero;  (6)  with  interest  at  4%;  (c) 
with  interest  at  8%.  (Use  these  scales:  horizontal,  1  in.  =  10  yr.; 
vertical,  1  in.  =  $0.10.  Points  need  be  plotted  only  for  5,  10,  etc., 
up  to  50  yr.  Values  for  ordinates  may  be  taken  from  Table  E.) 
(d)  Describe  the  resulting  curves. 

31.  Using  Table  B  and  5%,  find  the  annual  year-end  payment  of  the  series 

of  payments  which  is  equivalent  to  a  present  lump  sum  of  $1,  when 
the  life  of  the  series  is  1  yr.;  2  yr.;  3  yr.;  4  yr.;  5  yr.;  6  yr.  Tabu- 
late your  results.  Compare  your  tables  with  Table  F.  What  rela- 
tion exists  between  values  of  Table  F  and  corresponding  values  of 
Table  E? 

32.  I  borrow  $10,000  to  build  a  house,  and,agree  to  pay  the  lender  a  uniform 

sum  at  each  year  end  for  14  yr.,  the  uniform  sum  being  so  computed 
that  the  final  payment  will  cancel  the  debt  for  principal  and  all 
interest  at  8%.     What  is  the  annual  payment? 

33.  Plot  a  curve  showing  the  relation  between  (1)  the  year-end  payment 

of  that  series  of  payments  whose  present  worth,  at  the  beginning  of 
the  life  of  the  series,  is  $1,  and  (2)  the  life  of  the  series  with  interest 
at  (a)  zero;  (b)  4%;  (c)  8%.  (Scales,  etc.,  as  in  Prob.  30  above.) 
(d)  Describe  the  curves. 

SINKING  FUNDS  AND  ANNUITIES 

34.  (a)  C  spent,  on  an  average,  $2  a  month  for  tobacco,  between  Jan.  1, 

1905,  and  Jan.  1,  1914.  If  he  had  deposited  each  six  months'  tobacco 
money  in  a  savings  bank,  paying  4%  compounded  semi-annually, 
beginning  with  July  1,  1905,  and  ending  with  Jan.  1,  1914,  what 
would  have  been  his  credit  at  the  bank  on  the  latter  date  after  making 
the  deposit  of  that  date?  (6)  If  C  made  no  withdrawals  and  no 
further  deposits,  what  would  his  bank  credit  have  been  on 
July  1,  1917? 

35.  Jones  at  40  plans  to  build  up  a  35  yr.  sinking  fund,  by  depositing  at  the 

end  of  each  half-year  in  a  savings  bank,  paying  4%  compounded  semi- 
annually, for  the  purpose  of  buying  at  the  end  of  the  life  of  the  sinking 


284  ENGINEERING  ECONOMICS 

fund  a  20  yr.  annuity  of  $1000  each  year  end.  If  the  annuity  is  cal- 
culated on  the  basis  of  5%  compounded  annually,  what  must  Jones 
deposit  semi-annually  in  the  sinking  fund? 

36.  A  town  issues  43^%  bonds  of  $100,000  total  par  value,  to  run  12  yr. 

The  town  plans  to  pay  the  interest  on  the  bonds  regularly  and  create 
a  sinking  fund,  by  year-end  deposits  paying  4%,  with  which  to  redeem 
the  bonds  at  maturity.     What  must  be  the  annual  deposit? 

37.  I  buy  a  house  and  lot  for  $22,000  and  8  yr.  later  sell  it  for  $14,000. 

What  is  the  annual  depreciation  cost,  calculated  on  the  basis  of  (a) 
8%  interest?     (&)  4%? 

CHAPTER  IV 
ANNUAL  DEPRECIATION  COST 

1.  Find  the  annual  depreciation  cost  in  each  of  the  following  cases  on  basis 

of  (1)  4%  interest  rate  on  depreciation  fund;  (2)  on  basis  of  8%;  and 
(3)  on  basis  of  0%:  (a)  Structure  costs  $8000;  life  15  yr.;  scrap  value 
$300;  service  period  16  yr.  (6)  Structure  costs  $8000;  life  100  yr.; 
scrap  value  $300;  service  period  100  yr.  (c)  Structure  costs  $8000; 
life  100  yr.;  scrap  value  $300;  service  perpetual. 

2.  A  pumping  engine  costs  $32,000.     Its  estimated  life  is  25  yr.;  and  at 

life  end  it  is  expected  to  sell  for  $500.  At  age  15  yr.  it  is  expected 
to  be  salable  at  $8000.  Interest  on  depreciation  funds  is  4%.  What 
is  the  (equivalent  uniform)  annual  depreciation  cost  if  the  period  of 
service  is  taken  as  (a)  15  yr.?  (6)  25  yr.?  (c)  50  yr.?  {d)  40  yr.? 
(e)  65  yr.?  (/")  perpetual? 

3.  A  wooden  bridge  costs  $2000;  life  12  yr.;  salvage  at  life  end,  zero;  sal- 

vage at  age  6  yr.,  $200.  Interest  on  depreciation  fund  at  43^%. 
Find  (equivalent  uniform)  annual  depreciation  cost  for  each  of  the 
following  lengths  of  service  period:  (a)  6  yr.;  (6)  12  yr.;  (c)  24  yr.; 
{d)  18  yr.;  (e)  30  yr.;  (/)  perpetual. 

4.  A  structure  costs  $5500;  life  8  yr.;  salvage  value  at  age  4  yr.,  $1000; 

at  age  8  yr.,  $200.  Assuming  the  rate  of  6%  on  depreciation  funds, 
find  the  (equivalent  uniform)  annual  depreciation  cost  for  each  of  the 
following  periods  of  service:  (a)  4  yr.;  (6)  8  yr.;  (c)  16  yr.;  {d)  12 
yr.;  (e)  20  yr.;  (/)  perpetual. 
6.  {A)  Distinguish  between  (1)  actual  annual  depreciation,  (2)  average 
annual  depreciation,  (3)  annual  depreciation  cost,  and  (4)  equivalent 
uniform  annual  depreciation  cost.  {B)  Under  what  conditions,  in 
your  opinion,  is  the  use  of  average  annual  depreciation  cost  justified 
in  the  work  of  calculating  annual  service  cost? 

ANNUAL  OPERATION  COST 

6.  Calculate  for  the  whole  period  named  in  each  of  the  three  following 
cases  (1)  the  (equivalent  uniform)  annual  cost  of  operation;  (2)  the 
average  annual  cost  of  operation;  and  (3)  the  per  cent  error  in  result 
of  (2) :  (a)  The  estimated  cost  of  operating  a  small  plant  is,  for  each 
of  the  1st  3  yr.,  $3000;  for  the  4th  yr.,  $3500;  for  the  5th  yr.,  $4000. 
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Interest  on  deposits,  6%.  (6)  The  annual  cost  of  operating  a  pump 
is  $8400  a  year  for  the  1st  4  yr.;  $10,000  a  year  for  the  next  2  yr. 
Interest  at  5%.  (c)  The  cost  of  operating  a  certain  motor  truck  is 
as  follows:  1st  yr.,  $3000;  2nd  yr.,  $3200;  3rd  yr.,  $3400;  4th,  5th, 
and  6th  yr.,  $3600  each.     Interest  at  7%. 

7.  Under  what  conditions  would  you  expect  annual  operation  cost  to 

be  constant?  f 

CHOICE  OF  INVESTMENT 

8.  We  can  (1)  loan  $8000  on  mortgage  to  a  farmer  for  3  yr.  at  7%  per 

annum;  or  (2)  engage  in  a  trucking  business  for  3  yr.  with  the  follow- 
ing outlays  and  returns:  Total  cost  of  trucks,  new,  $12,000;  trucks 
sell,  after  3  yr.  use,  for  $3000;  annual  cost  of  operation,  upkeep,  etc., 
$15,000;  annual  gross  earnings,  $20,000.  Compare  these  two  oppor- 
tunities for  employment  of  capital,  making  use  of  true  annual  depre- 
ciation cost  calculated  on  the  basis  of  4%.  Compare  the  results  in 
this  problem  with  the  results  in  problem  10  under  chap.  ii. 

9.  Compare  these  two  bridges  proposed  for  a  logging  road  to  a.  lumber 

camp  of  which  the  estimated  life  is  8  yr.  Wooden  bridge:  first  cost 
$550;  life  12  yr.;  salvage  at  age  8,  zero;  annual  upkeep  $5.  Steel 
bridge:  first  cost  $800;  ■  life  30  yr.;  annual  upkeep  zero.  Interest 
rate  5%;  tax  rate  }4%.  The  wooden  bridge  can  be  made  ready 
three  months  earlier  than  the  steel. 

10.  For  bleacher  service,  there  were  proposed  the  following  two  types  of 

structure:  wooden,  and  concrete  on  earth  bank.  Compare  these  two 
on  the  basis  of  the  estimates  given  below.  Wooden  bleachers:  first 
cost  $30,000;  life  15  yr.;  salvage  value,  at  end  of  life,  $1000;  insurance 
0.7%;  annual  upkeep  $300.  Bleachers  of  concrete  on  earth  bank: 
first  cost  $80,000;  life  90  yr.;  salvage,  at  end  of  life,  zero;  annual 
upkeep  $50;  insurance  zero;  interest  rate  6%. 

11.  A  mining  company  wishes  to  know  which  one  of  its  stock  sizes  of  pipe 

will  be  the  more  economical  for  a  proposed  pipe-line  through  which 
to  pump  water  under  the  given  conditions.  The  period  of  service  is 
5  yr.  The  following  estimates  were  based  on  a  length  of  1  mi.  and 
a  flow  of  1  cu.  ft.  per  second.  Six-inch  pipe:  first  cost  laid  $5000; 
annual  operation  and  upkeep  $1740.  Eight-inch  pipe:  first  cost 
$7000;  annual  operation  and  upkeep  $414.  In  both  cases:  salvage 
value,  at  age  5,  25%;  tax  rate  1%;  interest  rate  6%. 

12.  There  were  two  feasible  reservoir  sites.     One  was  in  the  main  stream 

of  the  drainage  area.  The  other  site  was  in  a  tributary  gulch  into 
which  water  from  the  main  stream  could  be  led  by  tunnel  and  ditch. 
It  was  estimated  that  the  main-stream  reservoir  would  need  to  be 
cleared  of  silt  every  2  yr.,  at  a  cost  of  $600  for  labor  and  a  loss  of 
$200  revenue  due  to  interrupted  service.  Similarly  it  was  estimated 
that  the  gulch  reservoir  would  need  cleaning  every  fifth  year  at  a 
cost  of  $600  for  labor  and  a  loss  of  $200  revenue.  Main-stream  reser- 
voir: first  cost  $39,200;  annual  operation  $500.  Gulch  reservoir: 
first  cost  $50,600;  annual  operation  $600.  In  both  cases:  life  100  yr.; 
taxes  }4%',  interest  rate  5%.     In  the  case  of  the  dam  proposed  for 
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the  main  stream  there  was  possibility  of  maximum  flood  greater  than 
that  assumed  for  the  design  of  spillway,  and  the  consequent  destruc- 
tion of  the  dam.  Compare  these  two  structures  as  investments  on 
the  basis  of  a  100  yr.  service. 

13.  It  was  required  to  carry  water  from  a  reservoir  to  irrigable  lands.     There 

were  two  practicable  routes:  one,  63^  mi.  long,  would  require  tunneling 
throughout;  the  other,  13  mi.  long,  would  require  7  mi.  ditch,  1  mi. 
tunnel,  and  5  mi.  flume  on  a  bench  cut  on  the  mountain  side.  These 
routes  will  be  called  ''short  line"  and  "long  line,"  respectively.  The 
long  line  required  a  flume  the  life  of  which  was  estimated  at  10  yr.,  but 
the  other  parts  of  the  line  were  considered  to  be  everlasting.  Short  line : 
first  cost  $275,000;  life  infinite;  salvage  value  zero;  annual  operation 
and  upkeep  S2000.  Long  line  (ditch,  tunnel,  and  bench) :  first  cost 
$72,600;  salvage  value  zero;  annual  operation  and  upkeep  $4000. 
Long  line  (flume):  first  cost  $57,500;  life  10  yr.;  salvage  value,  at 
end  of  life,  $5000;  annual  operation  and  upkeep  $4200.  For  all 
structures:  taxes  3^^  %;  interest  rate  5%.  Compare  the  two  proposals 
on  the  basis  of  perpetual  service. 

14.  Compare  the  following  plants  proposed  for  generating  electric  current, 

on  the  basis  of  perpetual  service  and  4%  interest.  Non-condensing 
plant:  first  cost  $42,500;  life  25  jr.;  annual  operation  and  upkeep 
$19,900.  Condensing  plant:  first  cost  $48,500;  life  20  yr.;  annual 
operation  and  upkeep  $13,575.  For  either  plant:  salvage  value,  at 
end  of  life,  zero;  taxes  and  insurance  together  1%  per  annum, 
16.  Compare  these  two  pavements  on  the  assumption  of  perpetual  service 
and  5  %  interest.  The  estimated  costs  are  for  one  square  (100  sq.  ft.) . 
Sheet  asphalt:  first  cost  $25;  salvage,  at  end  of  life,  $16;  annual  up- 
keep $0.40.  Asphaltic  macadam:  first  cost  $16;  salvage,  at  end  of 
life,  $3;  annual  upkeep  $0.20.     In  either  case:  life  20  yr. 

16.  Compare  these  two  second-hand  automobiles  on  the  basis  of  a  2  yr. 

service  and  4%  interest.  Automobile  No.  1:  first  cost  (at  second- 
hand) $3480;  salvage,  after  2  yr.  service,  $1800;  annual  operation  and 
upkeep  $700.  Automobile  No.  2:  first  cost  (at  second-hand)  $2300; 
salvage,  after  2  yr.  service,  $1000;  annual  operation  and  upkeep  $740. 
In  either  case:  tax  rate  1%. 

17.  Compare  the  following  head  frames,  proposed  for  a  mine,  on  the  basis 

of  a  10  yr.  service  and  interest  at  10%.  Steel:  first  cost  $2200;  life 
40  yr.;  salvage,  at  age  10,  zero.  Wood:  first  cost  $2000;  life  10  yr.; 
salvage,  at  age  10,  $200.  In  either  case:  annual  upkeep  $15.  Of 
course  the  wood  head-frame  is  liable  to  destruction  by  fire. 

18.  Compare  these  two  steam-shovels,  for  steady  work  in  a  phosphate  mine, 

on  the  basis  of  a  20  yr.  service  and  6  %  interest.  Fifty-five-ton  shovel : 
first  cost  $7000;  life  20  yr.;  salvage,  at  life  end,  $500;  annual 
operation  $8700;  annual  upkeep  $800;  annual  output  130,000  cu.  yd. 
Seventy-ton  shovel:  first  cost  $10,000;  life  25  yr.;  salvage,  at  age  20, 
$2000;  annual  operation  $10,500;  annual  upkeep  $1000;  annual  output 
180,000  cu.  yd.     In  either  case:  taxes  and  insurance  together  13^%. 

19.  The  question  here  is  whether  to  renew  a  non-condensing  steam  engine 

generating  set  of  250  kv-a.  capacity  or  replace  it  by  a  Diesel  engine 
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generating  set  of  the  same  capacity.  Make  the  comparison  on  the 
basis  of  a  15  yr.  service  and  5%  interest.  Non-condensing  set:  first 
cost  $23,400;  annual  operation  and  maintenance  $15,700.  Diesel  set: 
first  cost  $28,000;  annual  operation  and  maintenance  $7,800.  In 
either  case:  life  15yrs.;  salvage  $1000.  It  would  take  4  mo.  longer 
to  obtain  the  Diesel  than  to  obtain  the  other  set. 

Note. — From  the  following  problems  all  irreducible  data  are 
omitted  for  the  reason  that  it  is  impracticable  to  describe  such  with 
suflficient  particularity  and  completeness  to  enable  the  reader  to  form 
a  satisfactory  opinion  as  to  the  weight  which  should  be  given  them. 
It  is  important,  however,  to  bear  in  mind  that  nearly  always,  in  prac- 
tice, there  are  irreducible  data  which  must  be  considered  along  with 
calculated  quantities,  to  arrive  at  an  economic  choice. 

20.  On  the  basis  of  the  following  data,  which  of  the  following  two  structures 

should  prove  the  better  investment  for  a  12  yr.  service?  (1)  Gas 
engine  costs  $4200;  salvage  at  age  12,  $800;  annual  operation  cost, 
$3800.  (2)  Electric  motor  cost  $3700;  salvage  at  age  12,  $400; 
annual  operation  cost,  $3900.  Assume  interest  on  depreciation  fund 
at  6  %  in  both  cases. ' 

21.  On  the  basis  of  4%  on  depreciation  funds,  no  salvage  value  in  either 

case,  and  the  following  reducible  data,  which  of  the  following  should 
be  the  better  investment  for,  say,  a  40  yr.  service?  (1)  Fuel-oil  plant 
costs  $27,000,  has  an  estimated  life  of  8  yr.,  and  an  annual  operation 
cost  of  $31,700.  (2)  Powdered  coal  plant,  which  costs  $97,000,  will 
last  10  yr.,  and  cost  annually  $19,300  for  operation. 

22.  These  two  plants  are  proposed  for  heating  furnaces:  (1)  water-gas  plant: 

first  cost  $96,000;  life  10  yr.;  annual  operation  cost  $14,000.  (2) 
Fuel-oil  plant:  first  cost  $27,000;  life  8  yr.;  annual  operation  cost 
$31,700.  In  either  case  a  40  yr.  service  is  anticipated.  Assume  4% 
on  sinking  fund. 

23.  Plans  and  estimates  were  made  for  (1)  a  proposed  concrete  arch  and  for 

(2)  an  alternative  steel  arch  on  concrete  abutments.  (1)  For  the 
concrete  arch:  first  cost,  $12,230;  life  100  yr.;  annual  maintenance 
cost,  zero.  (2)  The  steel  arch  would  cost  $3000,  last  50  yr.,  and 
require  painting  every  5th  yr.  at  a  cost  of  $100;  the  abutments  would 
cost  $8240  and  last  forever.  The  service  is  perpetual.  Assuming 
interest  at  4%  on  sinking  funds,  find  which  is  the  better  of  the  two 
proposed  investments. 

CHAPTER    V 

1.  Carry  out  the  "land,  labor,  and  capital"  analysis  of  first  cost.     WTiy 

does  this  analysis  not  serve  the  purpose  of  this  chapter? 

2.  Carry  out  the  analysis  begun  in  §503.     Why  does  this  analysis  not 

serve  the  purpose  of  this  chapter? 

3.  (a)  Are  steel  and  cement  likely  to  cost  more  in  Alaska  than  in  Chicago? 

Why?  (6)  Is  skilled  labor  likely  to  cost  more  in  Alaska  than  in  San 
Francisco  ?     Why  ? 

4.  Give  an  original  example  of  interest  on  capital  tied  up  during  construc- 

tion. Explain  how,  in  your  example,  this  interest  might  be  reduced 
to  a  minimum. 
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5.  What  is  the  essential  difference  between  contingencies  and  irreducible 

data? 

6.  Give  an  original  example  of  a  case  in  which  the  first  cost  of  a  structure 

includes  (a)  outlays  made  on  one  or  more  other  existing  structures; 
(6)  outlays  made  on  one  or  more  imagined  structures. 

7.  Distinguish  between  first  cost  and  operation  cost.     Give  an  example 

of  a  case  in  which  it  might  be  difficult  or  impossible  to  draw  a  sharp 
line  between  items  of  first  cost  and  items  of  operation  cost. 

CHAPTER  VI 

1.  Distinguish  between  direct  cost  and  expense,  or  indirect  cost. 

2.  Distinguish  between  production  and  construction.     Wherein  does  the 

difference  affect  the  nature  and  interrelations  of  the  elements  of 
first  cost? 

3.  What  is  meant  by  "taking  off"  quantities? 

4.  Distinguish  between  a  man-hour  and  a  unit  of  achievement. 

5.  Make  a  complete  analysis  of  cost  to  a  contractor  of  furnishing  all  labor 

and  material  for  the  construction  of  500  ft.  of  6  in.  sewer.  Exhibit 
the  analysis  by  diagram  of  the  kind  used  throughout  this  book.  Do 
not  evaluate  any  of  the  quantities.  Show  the  characteristics  of  the 
sewer  by  dimensioned  sketches. 

CHAPTER  VII 

1.  What  are  the  three  controlling  factors  in  the  work  of  making  an  estimate 

of  first  cost? 

2.  Name  the  chief  steps  in  the  procedure  of  making  a  detailed  estimate  of 

first  cost. 

3.  Characterize  each  of  the  five  short  methods  of  estimating  first  cost. 

Which  one  of  the  five  is  not  merely  an  abbreviation  of  the  typical 
general  procedure? 

4.  How  many  different  so-called  methods  of  estimating  might  be  used  in 

estimating  the  first  cost  of  a  complex  structure? 

5.  Make  a  detailed  analysis  of  cost  of  the  garage  shown  in  the  illustration 

on  p.  289,  and  f>xhibit  the  analysis  in  diagrammatic  form.  Do  not 
evaluate  any  of  the  elements  of  cost. 

CHAPTER  VIII 

1.  Name  five  kinds  of  sources  of  data  for  estimating.     Can  you  name  any 

kind  of  source  of  cost  data,  not  mentioned  in  this  chapter? 

2.  Justify  the  methods  described  in  this  chapter  for  bringing  prices  up  to 

date.  W^hat  conditions  would  prevent  the  satisfactory  working  of 
these  methods? 

3.  Give  an  original  example  to  illustrate  the  importance  of  the  estimator's 

knowing  the  circumstances  of  past  work  from  which  he  obtains  costs. 

4.  What    do    you    consider    to    be   the    most   important   of   the    "aids 

in  estimating"? 
5  Fix  upon  a  site  for  the  garage  described  by  drawings  on  p.  289.     Take 
off  the  quantities,  following  your  diagram  of  analysis  of  cost  of  the 
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structure.  Evaluate  the  cost  elements  as  closely  as  practicable. 
Calculate  the  cost  of  the  garage.     Hand  in  your  calculations. 

6.  Trestle  vs.  Fill. — A  railroad  or  highway  may  be  carried  across  a  valley 

and  stream  by  means  of  either  a  trestle  or  a  fill  (embankment)  pierced 
by  a  culvert  or  broken  by  a  bridge  for  the  passage  of  the  stream. 
From  this  fact  arises  the  problem  of  choosing  between  the  trestle  and 
the  fill,  for  a  given  set  of  conditions. 

Before  the  problem  can  be  solved,  it  is  necessary  to  establish  the 
conditions  for  a  specific  case;  and  for  this,  the  following  steps  are 
required. 

(A)  Provide  a  profile  of  a  valley  not  less  than  80  ft.  deep,  on  which 
is  drawn  the  grade  line  for  a  railroad,  in  such  wise  that  the  maximum 
height  of  grade  line  above  valley  bottom,  is  not  less  than  80  ft.  If 
you  have  such  a  profile,  use  it.  If  you  are  acquainted  with  the  ground 
represented  by  the  profile,  so  much  the  better.  If  you  have  no  such 
profile,  the  instructor  will  put  you  in  the  way  of  making  one. 

(B)  Make  pencil  drawings  of  a  trestle  sufficient  to  show  all  parts 
and  dimensions  of  one  bent  for  each  of  two  or  more  stories  of  height, 
and  of  one  full  span  of  the  floor  system  and  the  longitudinal  bracing. 
Copy  these  drawings  from  some  publication,  unless  you  are  supplied 
with  blue  prints  of  some  existing  trestle. 

(C)  Draw  cross-section  of  the  proposed  fill,  to  show  road  bed  and 
side  slopes.     This  may  be  copied  or  drawn  from  published  data. 

(D)  Make  dimensioned  sketch  drawings  of  the  proposed  culvert. 
One  of  these  drawings  will  show  a  longitudinal  section  of  the  culvert 
site.  The  size  of  the  culvert  may  be  fixed  upon  in  any  of  the  follow- 
ing four  ways,  at  your  option:  (1)  Adopt  arbitrarily  the  drawings  of 
a  culvert  which  you  find  in  some  publication.  In  this  case  copy  the 
drawings  in  so  far  as  may  be  necessary  to  show  all  dimensions  which 
will  be  required  in  the  calculation  of  quantities.  (2)  (a)  Adopt 
arbitrarily  a  tributary  drainage  area;  (6)  from  this  find  the  necessary 
area  of  the  culvert  opening;  and  then  (c)  adapt  some  published  culvert 
plans  to  your  case.  (3)  If  you  have  a  map  showing  the  drainage, 
from  it  determine  the  drainage  area;  and  then  proceed  as  in  (2)  (b) 
and  (c)  above.  Or,  (4)  if  practicable,  make  a  rapid  survey  of  the 
actual  tributary  drainage  area;  and  then  proceed  as  in  (2)  (6)  and  (c) 
above. 

(E)  Other  assumptions  you  will  make  from  time  to  time,  as  you 
find  it  necessary  to  do  so. 

You  are  now  prepared  to  analyze  the  problem.  After  the  analysis 
comes  the  solution,  finally  the  report  (see  chap.  xix). 

7.  Tunnel  vs.  Open  Cut. — A  tunnel  is  made,  in  most  cases,  in  a  certain  place 

and  of  a  certain  length  to  take  the  place  of  a  corresponding  open  cut, 
because  the  tunnel,  in  that  particular  place,  is  the  cheaper  in  the  long 
run.  Very  shallow  cuts  are  cheaper  than  tunnels  per  lineal  foot; 
but  since  the  cost  per  lineal  foot  of  cut  increases  much  faster  than  the 
depth  of  cut,  and  the  cost  per  lineal  foot  of  ordinary  tunnel  is  little 
aflFected  by  the  depth  and  nearly  constant  for  an  increasing  length, 
there  is  some  depth  for  which  the  cost  per  lineal  foot  is  the  same  for 
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tunnel  as  for  open  cut  and  beyond  which  the  tunnel  is  the  cheaper. 
The  problem  here  is  to  determine  the  economic  minimum  depth  of 
tunnel,  or  the  economic  maximum  depth  of  open  cut,  under  a  given 
set  of  conditions. 

It  is  necessary  first  to  establish  the  conditions  for  a  specific  case; 
and  for  this  the  following  steps  are  required. 

(A)  Provide  a  profile  showing  a  railroad  projected  through  a  hill 
not  less  than  200  ft.  high,  with  reference  to  the  grade  line.  If  you 
have  not  such  a  profile,  copy  one,  or  construct  one  from  a  topographic 
map.     Confer  with  the  instructor  in  regard  to  this. 

(B)  Classify  the  material  along  the  profile.  If  practicable  this  will 
be  done  by  observation;  otherwise,  by  assumption,  after  reading  a 
reference  or  two.     Indicate  the  classification  on  the  profile. 

(C)  Assume,  or  adopt  after  reading,  the  roadbed  width  and  side 
slopes  of  open  cut.  Make  a  drawing  of  the  cross-section  showing  all 
dimensions. 

(D)  Assume  (or  adopt  after  reading)  the  characteristics  of  the 
tunnel:  (1)  cross-section,  with  or  without  lining;  (2)  gradient;  (3) 
portals.     Make  pencil  drawings  from  published  plans  selected  by  you. 

Analyze  and  solve  the  problem,  and  write  a  report  (see  chap.  xrx). 
Choice  of  Highway  Diversion. — A  proposed  railroad  crosses  an  existing 
highway  at  about  grade.  On  one  side  of  the  highway  there  is  to  be  a 
fill,  and  on  the  other  side  a  cut.  A  grade  crossing  is  to  be  avoided, 
and  it  can  be  avoided  by  diverting  the  highway  to  pass  either  under 
the  railroad  through  an  opening  in  the  fill,  or  over  the  railroad  on  a 
bridge  spanning  the  cut.  The  problem  is  to  choose  between  the  two 
feasible  diversions. 

The  following  steps  must  be  taken  in  order  to  establish  conditions 
for  a  specific  case,  (A)  Provide  a  topographic  map  showing  railroad, 
actual  or  proposed,  crossing  a  highway  at  or  near  grade.  (This  map 
may  be  taken  ready  made,  or  it  may  be  drawn  from  notes  of  a  situa- 
tion survey  made  by  you.     Confer  with  the  instructor.) 

(B)  The  highway  locations  will  be  controlled  by  the  following:  (1) 
The  minimum  headroom  permissible  at  each  proposed  crossing.  (2) 
The  maximum  permissible  highway  gradient.  (3)  The  minimum 
width  of  right  of  way,  and  of  roadway.  (4)  The  minimum  radius  of 
highway  curvature.  (5)  The  minimum  permissible  forward  view. 
(6)  Drainage. 

(C)  Plan  a  satisfactory  location  for  each  of  the  proposed  diversions. 
(1)  Pencil  these  locations  with  soft  sharp  pencil,  showing  (a)  rights 
of  way  required;  (6)  station  numbering  along  the  diversions;  (c)  a 
reference  letter  at  each  end  of  each  diversion  and  at  the  point  where 
the  diversion  crosses  the  railroad;  (d)  any  structures  required  at  pro- 
posed crossings.  (2)  Construct  from  the  map  a  profile  of  each  diver- 
sion, and  place  on  each  profile  the  corresponding  reference  letters 
taken  from  the  map.  (3)  Make  ink  tracings  of  the  original  map  and 
profiles  (do  not  trace  in  ink  any  of  the  lines  or  lettering  pertaining  to 
the  proposed  diversions).  (4)  Trace  with  sharp  soft  pencil,  the  pro- 
posed diversions  and  all  marks  and  lettering  pertaining  to  them. 
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Make  the  lines  heavy  enough  to  show  clearly  on  the  blueprints,  (5) 
Blueprint  the  tracings.  (6)  On  the  blueprints  retrace  in  yellow  all 
marks  pertaining  to  one  of  the  proposed  diversions  and  in  orange  or 
vermilion  those  pertaining  to  the  other  diversion. 

(D)  Make  sketches  to  scale  of  any  structures  required  at  the  pro- 
posed crossings.  Place  enough  dimensions  on  the  sketches  to  enable 
you  to  take  off  approximate  quantities. 

Which  of  the  two  highway  diversions  planned,  is  the  better?  This 
is  the  problem,  now  before  you.  Analyze  and  solve  the  problem,  and 
write  a  report  (see  chap.  xix). 

CHAPTER  IX 
USE  OF  BORROWED  CAPITAL 

1.  Do  you  think  the  subject  of  business  units  is  appropriately  included  in 

a  treatise  on  Engineering  Economics?     Give  your  reasons, 

2.  What  is  the  object  of  using  borrowed  capital  in  conducting  a  business? 

Why  should  engineering  students  be  interiested  in  principles  pertaining 
to  the  use  of  borrowed  capital? 

3.  How  would  you  go  about  determining  how  much  borrowed  capital  to 

use  in  a  business?     What  factors  would  you  have  to  consider? 

4.  Explain  why  each  additional  borrowing  of  capital  by  a  business  unit  is 

likely  to  be  at  a  higher  rate  than  the  one  proceeding? 

THE  INDIVIDUAL  BUSINESS  AND  THE  PARTNERSHIP 

6.  What  are  the  essential  features  of  a  partnership?     Contrast  them  with 
the  corresponding  features  of  a  sole  proprietorship. 

6.  What  advantages  may  a  sole  proprietor  gain,  and  what  lose,  when  he 

takes  in  one  or  more  partners  and  thus  transforms  the  individual 
business  into  a  partnership? 

7.  Name  four  events  the  occurrence  of  any  one  of  which  will  dissolve  a 

partnership, 

8.  What  relation,  if  any,  necessarily  exists  between  the  size  of  a  partner's 

capital  contribution  and  the  degree  of  control  possessed  by  him? 

9.  What  is  the  limit  of  personal  liability  of  a  partner  for  the  debts  of  the 

partnership  business? 
10.  How  are  partnership  profits  apportioned  among  the  partners?     How 
are  the  assets  of  a  partnership  business  apportioned  among  the  part- 
ners when  the  partnership  is  dissolved? 

CHAPTER  X 

1.  Name  four  characteristics  of  a  private  corporation  which  do  not  pertain 

to  a  partnership. 

2.  Do  all  private  corporations  in  the  United  States  have  the  same  powers? 

3.  Do  all  private  corporations  created  in  the  same  state  have  the  same 

powers? 

4.  Describe  the  powers  that  all  private  corporations  have. 

5.  By  what  governmental  agencies  have  the  great  majority  of  the  private 

corporations  of  our  country  been  created? 
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6.  What  are  the  two  chief  steps  in  the  typical  legal  procedure  for  the  crea- 

tion of  a  private  corporation? 

7.  Are  all  of  the  steps  of  the  legal  procedure  for  the  creation  of  a  private 

corporation  the  same  in  all  of  the  states? 

8.  What  is  generally  understood  by  the  term  "charter"? 

9.  Where  must  one  look  for  those  points,  of  organizations  and  management 

of  a  private  corporation,  which  are  not  set  forth  in  the  articles  of 
incorporation?  ' 

10.  What  steps  must  be  taken  by  the  stockholders  and  what  by  the  board 

directors  to  complete  the  organization  of  the  private  corporation, 
before  the  corporation  can  transact  business? 

11.  Distinguish  between  the  capital  stock  and  the  total  assets  of  a  corpora- 

tion.    Between  a  share  of  stock  and  a  stock  certificate.     Between 
income,  net  income,  and  dividends. 

12.  Among  officers,  directors,  holders  of  common  stock,  holders  of  preferred 

stock,  and  bondholders,  how  is  control  apportioned?     How  is  income 
apportioned?     How  is  risk  apportioned? 

13.  Outline  an  organization  for  the  management  of  a  large  corporation, 

14.  What  means  are  used  by  the  private  corporation  to  raise  capital? 

15.  Give  your  own  definition  of  ''bond"  as  an  instrument  used  for  financing 

a  corporation. 

16.  Suggest  a  reason  for  the  practice  of  financing  a  corporation  partly  by 

preferred  stock  or  partly  by  bonds  instead  of  entirely  by  common 
stock. 

17.  Why  is  an  engineer  concerned  with  corporate  affairs?     What  do  you 

consider  to  be  his  first  duty  to  the  corporation  of  which  he  is  an 
employee? 

18.  What  relation  can  you  see  between  corporation  financing  and  engineering  ? 

CHAPTER  XI 
PUBLIC  SERVICE  CORPORATION 

1.  How  would  you  distinguish  the  public  service  corporation  from  the 

other  private  corporations? 

2.  What  powers  are  held  by  some  public  service  corporations  that  are  not 

held  by  other  private  corporations? 

3.  Why  should  a  city  grant  a  monopoly  to  a  gas  company?     Why  not 

instead  have  two  or  more  competing  companies? 

PUBLIC  CORPORATION 

4.  Name  four  classes  of  public  corporations. 

6.  Whence  are  the  powers  of  a  public  corporation  derived? 

6.  Have  all  public  corporations  the  same  powers? 

7.  Name  a  power  that  is  held  by  public  corporations  and  by  but  few  public 

service  corporations. 

8.  What  means  of  raising  money  are  employed  by  both  private  and  public 

corporations?     What  means  does  each  use  that  is  not  used  by  the 
other? 
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9.  Compare  organization  for  control  and  management  of  public  corpora- 
tions with  corresponding  organization  of  private  corporations. 

10.  Make  an  organization  chart  of  a  city  that  is  not  run  on  the  city-manager 

plan.     Of  one  that  is  run  on  the  city-manager  plan. 

11.  In  what  ways  does  the  public  corporation  obtain  the  greater  part  of 

its  income? 

12.  What  is  the  engineer's  professional  interest  (a)  in  the  income  of  a  public 

corporation,    (b)    in    the    governmental   machinery   of   the   public 
corporation  ? 

PROMOTION 

13.  At  what  stages  of  promotion  of  an  engineering  structure  may  the  engi- 

neer become  professionally  concerned  with  it? 

14.  On  reviewing  §107,  do  you  find  that  the  promoter  is  as  necessary  as  the 

engineer  to  the  creation  of  engineering  enterprises? 

16.  What  are  the  essential  qualifications  of  a  first  rate  promoter?  In  what 
steps  of  his  work  will  he  most  need  each  of  these  qualifications? 

16.  Suggest  the  persons  or  groups  of  persons  together  with  their  motives, 
who  are  likely  to  promote  each  of  the  following:  (a)  establishing  a 
manufacturing  business  in  a  town;  (b)  a  city's  taking  over  the  street 
railway  system;  (c)  a  city's  building  an  additional  bridge  across  the 
river;  {d)  establishing  a  city  market;  (e)  rebuilding  the  state  asylum 
for  the  blind;  (/)  improving  the  city  water  supply;  (g)  enlarging  the 
city  water  supply;  (h)  establishing  a  municipal  hospital. 

CHAPTER  XII 

1.  What  qualities  are  taken  into  consideration  when  comparing  one  invest- 

ment opportunity  with  another?     Which  of  these  qualities  are  taken 
into  the  calculation  of  yield? 

2.  Why  do  not  all  capitalists  pick  out  the  same  investment  as  the  most 

desirable? 

3.  What  makes  it  difiicult  to  form  an  opinion  as  to  the  relative  desirabilities 

of  two  investments? 

4.  Give  an  example  of  the  effect  of  the  "individuality"  of  a  business  unit 

on  one  or  more  qualities  of  an  investment  offered  by  the  unit. 

5.  Discuss  concisely  the  effect  of  "trend  of  conditions"  on  the  qualities  of 

an  offered  investment.     The  trends  of  what  conditions  touch  the 
work  of  the  engineer  the  more  closely? 

6.  Make  a  comparison  quality  by  quality  of  some  railway  company's  par- 

ticular issue  of  bonds  and  its  common  stock. 

CHAPTER  XIII 

1.  What  are  the  characteristics  of  a  balance  sheet?     Of  an  income  sheet? 

2.  Characterize  a  "supplementary  statement"  which  supports  (a)  a  bal- 

ance sheet;  (b)  an  income  sheet. 

3.  Why  is  it  that  the  total  of  liabilities  exhibited  on  a  balance  sheet  can 

be  taken  at  its  face  value,  while  judgment  must  be  passed  on  the 
exhibited  total  of  assets? 
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4.  Whence  come  the  facts  which  the  balance  sheet  and  the  income  sheet 

set  forth? 
6.  Characterize  an  "account." 

6.  Which  is  the  "debit"  side  of  an  account?     Does  this  convention  arise 

from  accident  or  from  design? 

7.  How  many  accounts  may  be  affected  by  a  single  transaction? 

8.  What  plan  is  suggested  in  the  text  as  an  aid  to  classification  as  to  debit 

and  credit? 

9.  Characterize  a  ledger. 

10.  Why  must  the  ledger  balance? 

11.  The  facts  exhibited  in  the  ledger  are  drawn  from  what  sources? 

12.  What  are  your  reasons  for  thinking  that  the  student  of  engineering 

should  (or  should  not)  take  systematic  training  in  book-keeping  and 
accounting? 

13.  Rewrite  Doe's  income  sheet  to  make  it  better  show  the  real  status  of 

his  contracting  business. 

CHAPTER  XIV 

1.  You  are  building  1000  ft.  of  6  in.  sewer.     What  facts  must  be  noted  on 

the  daily  record  in  order  that  you  may  know  from  day  to  day  just 
how  you  stand  on  the  job? 

2.  Suggest  a  way  of  finding  out  daily  the  average  number  of  shingles  laid 

per  man-hour;  the  per  cent  of  waste  in  laying  1  in.  X  4  in.  T  &  G 
(i.e.,  tongue  and  groove)  flooring;  and  the  average  number  of  man- 
hours  required  to  load  a  cubic  yard  of  gravel. 

3.  What  is  cost  keeping? 

4.  What  do  you  consider  to  be  the  controling  principles  in  devising  a  cost- 

keeping  system. 

5.  Analyze  the  labor  cost  of  laying  sewer  pipe,  and  using  this  analysis  as  a 

basis,  make  an  original  design  for  a  time  card  to  be  turned  in  at  the 
end  of  each  day  by  the  foreman  of  the  gang. 

6.  Design  a  form  for  a  summary  of  a  week's  cards  designed  in  5,  above. 

7.  Explain  the  utility  of  designating  operations,  parts,  etc.,  by  letters  and 

numbers  in  some  systematic  fashion. 

8.  Which  ratios,  of  those  which  can  be  formed  between  quantities  shown 

on  Doe's  balance  sheet,  do  you  consider  to  have  significance?  What 
does  each  of  the  significant  ratios  tell? 

9.  What  are  the  telling  ratios  of  Doe's  income  sheet?     What  does  each 

signify? 

10.  What  significance  has  "turnover"  in  construction  or  production? 

11.  What  ratios  do  you  think  worth  obtaining,  and  plotting,  on  a  job  of 

building  a  6  in.  sewer? 

12.  To  what  uses  would  you  as  contractor  put  the  plotted  curves? 

13.  If  a  steam  power  plant  and  a  hydro-electric  power  plant  are  equally 

well  managed,  should  we  expect  to  find  that  they  have  the  same  oper- 
ating ratio  ?     State  reasons  for  your  answers, 

CHAPTER  XV 

1.  Discuss  and  illustrate  with  original  examples,  forecasting  (a)    annual 
output  of  a  machine;  (6)  life  of  a  structure;  (c)  period  of  service;  (d) 
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interest  rate  on  borrowed  capital;  (e)  interest  rate  on  sinking  funds. 
(/)  What  is  the  engineer's  professional  concern  with  future  interest 
rates? 

2.  (a)  Name  two  of  the  cruder  methods  of  forecasting  population.     (6) 

What  method  is  preferred  by  the  Census  Bureau? 

3.  Using  the  population  figures  of  1910,  1900,  1890,  1880,  and  1870,  deter- 

mine what  should  have  been  the  population  in  1920  of  a  town  or  city 
in  which  you  are  interested  or  for  which  you  can  readily  find  the  neces- 
sary data,  by  means  of  (a)  the  first  graphical  method;  and  (6)  the 
third  graphical  method.  Compare  the  two  results  with  each  other 
and  with  the  population  as  given  by  the  1920  census. 

4.  What  steps  would  you  take  in  forecasting  the  earnings  of  a  proposed 

electric  lighting  enterprise  for  a  specified  town  in  Mexico? 

CHAPTER  XVI 

1.  What  is  salvage  value  as  defined  in  this  chapter? 

2.  Form  an  equation  expressing  the  relation  between  first  cost,  scrap  value, 

depreciation,  and  wearing  value. 

3.  What  conditions  have  an  influence  on  salvage  value? 

4.  What  is  market  price? 

5.  Name  the  ways  in  which  a  private  enterprise  might  be  taken  over  by  a 

public  corporation. 

6.  Name  the  factors  some  or  all  of  which  are  taken  by  court  or  commission 

as  a  basis  for  reaching  a  judgment  as  to  the  ''fair  value"  of  a  private 
enterprise  to  be  taken  over  by  a  city. 

7.  What  weight  is  given  each  of  the  factors? 

8.  Descrbe  two  ways  of  ascertaining  the  original  cost  of  an  old  plant. 

Do  both  ways  call  for  the  service  of  the  engineer? 

9.  How  would  you  fix  upon  the  unit  prices  to  be  used  in  finding  "cost  of 

reproduction  new?" 

10.  What  two  ways  are  used  for  determining  depreciation? 

11.  Which  of  the  basic  "values"  would  you,  as  a  disinterested  party,  use  in 

fixing  a  fair  price  to  be  paid  by  a  firm  to  one  of  its  members  for  an 
operating  plant  owned  by  him? 

12.  For  what  purposes,  other  than  transfer  of  ownership,  are  valuations 

undertaken  by  government? 

13.  What  basic  "values"  are  logically  excluded  from  consideration  when  the 

purpose  of  the  valuation  is  to  determine  reasonable  charges  or  rates? 

14.  What  professional  part  does  engineer  play  in  valuation  cases  f 

CHAPTER  XVII 

1.  What  is  a  depreciation  formula? 

2.  W^hat  is  the  basis  of  the  so-called  (a)  straight-line  formula,  (b)  sinking- 

fund  formula,  (c)  Matheson  formula,  (d)  Gillette  formula,  (e)  equal 
profit  ratios  formula? 

3.  Which  of  the  depreciation  formulas  of  the  text  are  most  commonly 

used  by  accountants  in  calculating  depreciation  reserves  (consult  any 
book  on  accounting). 
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CHAPTER  XVIII 

1.  Define:  simple  estimate;  compound  estimate;  absolute  error;  relative 

error;  limit  of  error. 

2.  Discuss  compensation  of  errors,  and  the  reasonable  effect  of  this  principle 

on  choice  of  procedure  in  estimating  first  cost  of  structure. 

3.  Is  it  unreasonable,  in  mal^ng  economic  comparisons  of  proposed  struc- 

tures for  a  period  of  service  which  would  necessitate  renewals,  to 
assume  that  each  renewal  cost  will  be  the  same  as  the  corresponding 
original  cost?     Justify  your  answer. 

4.  Is  it  inconsistent,  when  making  calculations  for  economic  selection,  to 

take  the  trouble  to  make  a  closely  approximate  estimate  of  original 
cost  to  be  combined  with  a  renewal  cost  arbitrarily  made  equal  to 
the  original  cost?     State  your  reasons. 

CHAPTER  XIX 

1.  What  preparation  have  you  had  for  the  work  of  writing  a  report? 

2.  Characterize  a  perfect  method  of  giving  an  answer  to  a  question. 

3.  Why  is  it  usually  more  difficult  to  make  a  satisfactory  report  in  writing 

than  by  word  of  mouth? 

4.  What  is  the  chief  purpose  of  a  report? 

5.  A  written  report  should  contain  how  much  information?     The  form  of 

presentation  of  the  information  should  stand  what  two  tests? 

6.  Give  in  your  own  words  brief  specifications  for  writing  a  report. 

7.  Write  a  brief  criticism  of  chap,  xex,  pointing  out  the  ways  and  the  places 

in  which  the  composition  fails  to  conform  to  §§1905  and  1914. 

8.  Write  a  brief  criticism  of  an  old  report  of  your  own  composition — a 

report  on  a  laboratory  experiment,  for  example. 

9.  Write  a  brief  criticism  of  any  available  report  of  an  engineer. 
10.  Write  a  brief  critical  review  of  any  text  on  technical  writing. 
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A  =  age  of  structure,  in  years 
On  =  end-of-year  annuity  from  prin- 
cipal 1  for  n  yr. 

=  forward-spreading  factor,  33 

table  of  values,  249 
Abbreviated  procedure,  estimating, 

71-75 
Absolute  error,  199 
Abstract,  report,  215 
Accounts,  140 

classification,  cost  keeping,  156 

credit  side,  141 

debit    and    credit,    classification 
as  to,  144 

debit  side,  141 

two  or  more,  one  transaction,  142 
Accumulate,  24 

Accumulating  factor,  compound  in- 
terest, 25 

table  of  values,  239 
Accumulating  series,  32 

table  of  values,  243 
Achievement,  unit,  62 
Acts,  series,  precede  service,  3 
Aids,  estimating,  83 
Amortization,  annual  cost,  35 

equivalent  uniform,  formulas,  fiw- 
ing  298 
Amortization  fund,  35  {See  also  Sink- 
ing   fund). 

interest  rate,  165 
Amortize,  34 
Amount,  compound  interest,  23 

table  of  values,  239 
Amount,  series,  30  {See  also  Uniform 
series  of  payments,  amount). 

table  of  values,  243 
Amount,  simple  interest,  20 
Amount,  sinking  fund,  34 

table  of  values,  243 


Analysis,  assets,  132 
credit  granting,  130 
diagram,     19    {See    Diagram    of 

analysis), 
first  cost,  preliminary,  44 
general,  6 

investment  problem,  6  {See  also 
Problem,  investment,  analy- 
sis). 
liabilities,  132 
operation  cost,  54 
Animals,  domestic,  first  cost  item,  46 
Annual,  amortization  cost,  35  {See 
also  Amortization,  annual  cost). 
depreciation    cost,    13    {See    also 

Depreciation  cost,  annual), 
operation     cost,     54     {See     also 

Operation  cost), 
payments,  uniform,  30  {See  also 
Uniform  series  of  paynients). 
rate,  interest,  23 
Annuity,  34,  35 
formulas,  231-237 
investment,  35 
life,  35 

present  worth,  table  of  values,  245 
principal,  35 
sinking  fund  and,  35 
yield,  35 

table  of  values,  249 
Appendix    A,    specimen    incorpora- 
tion papers,  219 

B,  tables  of  formulas  and  values, 

228 

C,  bibliography,  269 

D,  questions  and  problems,  278 
report,  contents,  215 

Arithmetic  of  investment,  42 
Articles,  incorporation,  95 

partnership  agreement,  91 

specimen,  219 
Articulate  structure,  174 
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Artificial  person,  94 
Assets,  130 

current,  131 

elements,  133 

fixed,  131 

liquid,  132,  133 

net,    130    {See   also    Net   assets). 

ratio,  liabilities  to,  158 

value,  uncertain,  133 
Auditor,    private    corporation,    102 
Axiom,  report  writing,  208 
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Backward-spreading  factor,  33 

table  of  values,  247 
Balance,  ledger,  146 
sheet,  129 
Doe's,  134 
net  income  and,  135 
Bibliography,  269 
Board,  directors,  elected,  99 
elects  officers,  100 
powers,  duties,  100 
Bond, coupon,  104 
discount,  48 
registered,  104 
Bonds,  as  investment,  124 
classification,  104 
issued  by  private  corporation,  103 
risk,  124 
Borrowed  capital,  use,  86 
Bradford,  Kimball  &  Co.,  articles  of 
incorporation,    219 
certificate  of  incorporation,  221 
by-laws,  222 
Bringing  old  cost  data  up  to  date,  80 

data  indispensable,  82 
Burden,  57 
Bureau  of  the   Census,   estimating 

population,  166,  167 
Business,  enterprise,  2 

individual,  2,  89  {See  also  Indi- 
vidual business), 
reputation,  credit  basis,  139 
statistics,  129 
comparisons,  158 
cost  keeping,  149  {See  also  Cost 

keeping), 
financial  condition  and,  129 


Business  statistics,  financial  condi- 
tion and,  129 
statistics,  financial  condition  and 
statements,  129 
persons,  interested,  129 
units,  2,  86 

individual  business,  2,  89 
individuality,  125 
investor  and,  122 
legitimate  purpose,  2 
private  corporation,  2,  94 
promotion,  115 
public  corporation,  2,  110 
service  corporation,  108 
sole  proprietor,  2,  89 
types,  2 

investor  and,  123 
By-laws,    private    corporation,    96 
specimen,  222 


C  =  first  cost,  or  investment 
Ca  =  salvage  value  at  age  A  yr. 
Cl  =  salvage  value  at  end  of  life, 

Lyr. 
Calculation,  yield,  13,  17 
Capital,  1 

acquirement,  private  corporation, 
102 
public  corporation,  113 
borrowed,  use,  86 
interest,    39    {See    also    Rate    of 

interest), 
working,  55 
Capitalist,  1 

ideal  of,  121 
Capitalize,  31 
Capitalized,  cost,  25,  31,  34 

value,  25,  31,  34 
Card,  daily  report,  154 
Census,   Bureau  of  the,  estimating 

population,  167 
Certificate,  incorporation,  95 

specimen,  221 
Certificate,  stock,  97 
Chart,  organization,  102 
Charter,  private  corporation,  96 

public  corporation.  111 
Chief  engineer,  private  corporation, 
102 
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Choice,  in  general,  8 
Classification,  bond,  104 
debit  and  credit,  144 
item,  cost  keeping  accounts,  156 
Colors,  key,  in  cost  keeping,  157 
Commercial  value,  fair  price  factor, 

176,  178 
Commission,  fair  price  fixed  by,  175 
Common  stock,  103,  105 

investment,  123,  124 
Comparison,  business  statistics,  158 
general,  8 
investments,  10,  40,  41 

qualities,  table,  10 
payments,  34 
standard,  160 
unit,  161 
Compensation  of  errors,  201 
Compound,  estimates,  199 
amount,  table  of  values,  239 
interest,  22 

accumulation  factor,  25 
discounting  factor,  25 
elements,  22 
formulas,  229 
graph,  27 
law,  23 
process,  23 
table  of  values,  239 
Conditions,  economic,  127 
financial,  127 
investment  and,  122 
miscellaneous,  127 
political,  126 
salvage  value  and,  172 
social,  127 
trend,  126,  127 
Construction    and    production,    59 
Contents,  report,  211,  217 
Contingencies,  51 
Control,  contingent,  89 
estimating,  66 
individual  business,  89 
partnership,  92 
preferred  stock,  124 
private  corporation,  99 
public  corporation,  112 
stockholders',  99,  124 
Corporation,  lending  to,  123 


Corporation,    private,    2,    94    (See 
also  Private  corporation), 
public,    2,    110    (See   also   Public 
corporation), 
service,    108    (See   also    Public 
service  corporation), 
quasi-public,  108 
Cost,  annual  amortization,  35  (See 
also  Amortization,  annual  cost), 
capitalized,  25,  31,  34 
data,  bringing  old  up  to  date,  80 
(See  also   Bringing  old  cost 
data  up  to  date), 
cost  keeping  and,  85 
circumstances  and,  82 
depreciation,   13,   17,  35,  36  (See 
also        Depreciation        cost, 
annual), 
direct,  58,  59 
error,  forecasting,  present  effect, 

203 
finding,  152 
first,  13,  17,  41,  44,  56  (See  also 

First  cost).  ■ 
indirect,  59 
keeping,  149,  152 
estimator  and,  85 
materials  record,  157 
system,  153 
labor,  45,  62  (See  also  Labor  cost), 
materials,  60  (See  also  Materials 

cost). 
operation,  54  (See  also  Operation. 

cost). 
original,  37 

plant,  per  unit  of  product,  64 
product,  analysis  diagram  of  unit, 

151 
records  of  labor,  154,  155 
renewal,  37 
replacement,  37 

reproduction  new,  fair  price  fac- 
tor, 176,  178 
service,   13,   17,   19,  41   (See  also 

Service  cost), 
structure,  69,  72 
unit,  63  (See  also  Unit  cost), 
product,  64,  151 
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Counsel,   general,   private   corpora- 
tion, 102 
Coupon  bond,  104 
Court,  fair  price  fixed  by,  175 
Creation  of  private  corporation,  94 
Credit,  to,  141 

debit  and,  classification  as  to,  144 

granting,  analysis,  130 

reputation  and,  139 
Creditor,  and  business  statistics,  129 
Cumulative  voting,  99 
Current,  asset,  131 

liability,  131 


d„  =  annual    year-end    deposit    to 
accumulate  1  in  n  yr. 
=  backward-spreading  factor,  33 
table  of  values,  247 
Daily  report  card,  154 
Data,  classes,  report,  213 
cost,  80  (See  also  Cost  data), 
irreducible,  9,   15  (See  also  Irre- 
ducible dafa). 
reducible,  9,  15  (See  also  Reduci- 
ble data). 
Date,  interest,  20 
Days  in  year,  21 

table,  250 
Debit,  to,  141 

credit     and,     classification,     144 
Deposit,  sinking-fund,  34 

table  of  values,  247 
Depreciation,  defined,  171 

annual,  and  annual  depreciation 

cost,  37 
cost,  annual,  13,  17,  35,  36 
equivalent  uniform,  38 
formulas,  facing  298 
fair  price  factor,  176,  178 
formulas,  180 
comparison,  191 
derivation,  180 
equal  profit  ratios,  186 
example  of  use,  191 
Gillette,  183 
Matheson,  182 
sinking-fund,  181 


Depreciation,  formulas  straight-line, 
180 
formulas,  unit  cost,  185 
fund,  35  (See  also  Sinking  fund), 
interest  rate,  165 
Diagram  of  analysis,  introduced,  19 
cost,  bar,  67 

first,  44,  45,  52,  59 
highway,  68 

labor,  62,  63,  64,  69,  151 
materials,  60,  64,  69,  151 
structure,  69,  72 
unit  product,  64,  69,  151 
estimating,  68,  76 
investment  problem,  19,  41,  121, 

122 
utility,  76 
Digest,  report,  215 
Direct  cost,  58,  59 
Directors,     board,     99     (See     also 

Board  of  directors). 
Discount,  25 

bond,  48 
Discounting  factor,  compound  inter- 
est, 25 
table  of  values,  241 
Discounting  series,  32 
table  of  values,  245 
Dissolution,  partnership,  91 

private  corporation,  98 
District,  public  corporation,  112 
Dividends,  98 
passed,  100 
Doe,   John,  contractor,   introduced, 
129 

E 

e  =  effective  rate,  interest,  24 
Earnings,  forecasting,  168 
Economics,  engineering,  5  (See  also 

Engineering  economics). 
Effective  rate,  interest,  24 
Election  of,  board  of  directors,  99 

officers,  by  board,  100 
Eminent  domain,  power,  112 
Engineer,  and,  business,  4 

business  statistics,  129 

public  corporation,  114 

service  creation,  3 
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Engineer,  valuation,  179 
Engineer,  chief,  private  corporation, 

102 
Engineering,  economics,  5 
fundamental  problem,  5 
Engineering  knowledge,  public  bene- 
fit, 3,  4 
reports,  207 
Enterprise,  business,  2 
Equal     profit     ratios     depreciation 

formulas,  186 
Equation  of  value,  29 
Equity,  trading  on  the,  86  {See  also 

Trading  on  the  equity). 
Equivalence,  28 

Equivalent     uniform     annual, — See 
Depreciation;    Income;    Opera- 
tion; Service). 
Errors  in  estimates,  199 
absolute,  199,  200 
compensation,  201 
future  cost,  present  effect,  203 
limit,  199 

formulas,  200 
probable,  201 

formulas,  202 
relative,  199,  200 
Estimate,  compound,  199 

error,    199    {See    also    Errors    in 

estimates), 
sheet,  70 
simple,  199 
Estimating,  abbreviated  procedure, 
71-75 
aids,  83 

analysis  diagram,  68 
controlled  by,  66 
earnings,  168 
errors  in,  199 
limiting,  199 
probable,  201 
field,  42 

interest  rate,  164 
life,  structure,  162  • 

methods,  68,  71-75 
output,  162 
period  of  service,  163 
population,  166  {See  also  Popula- 
tion). 


Estimating,  prices,  169 

procedure,  66,  68,  71-75 

rate  of  interest,  164 

service  period,  163 

short  cuts,  71-75 

visualization  and,  66 

wage  rates,  170 

working  rules,  77,  202 
Events,  political,  and  investments, 

126 
Evidence  of  genuineness,  in  report, 

216 
Examples,  original,  278-297 
Exercises,  original,  278-297 
Expenditure,  justifiable  present,  25, 

31 
Expense,  57,  58,  59 
Extensions,  estimate  sheet,  70 


Factor,   accumulation,   25,   32   {See 

also  Accumulation  factor). 

backward-spreading,  33  {See  also 

Backward-spreading   factor). 

discount,   25   {See  also   Discount 

factor), 
forward-spreading,    33    {See    also 

Forward-spreading  factor), 
series-accumulating,  32  {See  also 
Series-accumulating  factor), 
-discounting,  32  {See  also  Series- 
discounting  factor). 
Fair,  price,  factors,  176 

fixed  by,  court  or  commission,  175 
third  party  chosen  by  buyer  and 
seller,  175 
value,  171  {See  also  Fair  price). 
Field,  arithmetic  of  investment,  42 
estimating,  42 
financial  judgment,  43 
irreducible  data,  42 
rendering  service,  1 
Financial,   condition,   business   sta- 
tistics show,  129 
engineer  and,  107 
index,  158 

private  corporation,  106 
Financial  judgment,  field,  43 
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Financial   judgment,    relations,   in- 
vestor, business  unit,  122 
statements,  129 

status,    129    {See   also   Financial, 
condition). 
First  cost,  analysis  diagram  of,  44, 
45,  52,  59 
interest  element,  48 
practical     analysis,    construction, 
58 
production,  56 
preliminary  analysis,  44 
structure,     includes    outlays    on 
other  structures,  52,  53 
Fixed,  assets,  131 

liabilities,  131 
Forecasting,  cost,  error,  203 
earnings,  168 
interest  rate,  164 
life  of  structure,  162 
miscellaneous,  162 
output,  162 
period  of  service,  163 
population,  166 
prices,  169 
rate  of  interest,  164 
service  period,  163 
wage  rates,  170 
Foremen,  101 

Form,  weekly  labor  summary,  155 
Formulas,  annual  operation  cost,  39, 
and  facing  298 
annuities,  231-237 
depreciation,  180 

cost,  equivalent  uniform  annual, 
facing  298 
error,  limits,  200 

probable,  201,  202 
salvage  value,  180 
simple  interest,  21 
sinking  funds,  231-237 
tables  of,  see  list,  228 
Forward-spreading  factor,  33 

table  of  values,  249 
Fund,    amortization,    depreciation, 
redemption,    renewal,    replace- 
ment, 35 
sinking,     34     {See    also     Sinking 
fund). 


General,  counsel,  102 

manager,  101 
Genuineness,  evidence  of,  in  report, 

216 
Gesture,  in  reporting,  209 
Gillette   depreciation   formula,    183 
Graph,  compound  interest  law,  27 
Graphical    forecasting,    population, 

167 


H 


h  =  number  of  interest  periods  in 
1  yr.,  24 


i  =  annual    rate,    interest,    21,    23 
Ideal  investment,  121 
Income,    analysis   diagram   of   net, 
136,  138 

equivalent    uniform    annual,    40 
formulas,  facing  298 

net,    from    balance    sheets,     135 
private  corporation,  98 

private  corporation,  97 

sheet,  136 
Doe's,  137 

tax,  126 
Incorporation,  articles,  95 

specimen,  219 
Incorporation,  certificate,  95 

specimen,  221 
Incorporation,  procedure,  95 
Incorporators,   private   corporation, 

95 
Index,  financial  status,  158 
Indirect  cost,  59 
Individual  business,  2,  89 

control,  89 

management,  90 

promotion,  119 

risk,  91 
Individuality,    business    unit,     125 
Inheritance  tax,  126 
Installment,  35 
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Insurance,  bond  discount  like,  48 

item  of  first  cost,  47 
Interest,  20 
capital,  39 
tied-up,  48 
working,.  55 
checking  account,  49 
compound,    22    {See    also    Com- 
pound interest), 
date,  20 

formulas,  21,  228,  229 
period,  21 

rate,  21  {See  also  Rate,  Interest), 
simple,     20     {See     also     Simple 

interest), 
tied-up  capital,  48 
item  of  first  cost,  48 
minimizing,  50 
working  capital,  55 
Interlocking  records,  157 
Investment,  annuity,  35 
arithmetic,  42 
bond,  124 

calculations,  13,  17,  42 
common  stock,  124 
data,,  irreducible,  reducible,  9,  15, 

121 
ideal,  121 

irreducible  data,  9,  15,  121 
opportunities,  type,  125 
partnership,  123 
preferred  stock,  124 
problem,    6    {See    also    Problem, 

investment), 
promissory  notes,  124 
qualities,  conditions  affecting,  122 
ideal,  121,  122 
table  of  comparison,  10 
reducible  data,  9,  15,  121 
speculation  and,  125 
yield  calculation,  13,  17,  41 
Investor,  relations  to  business  unit, 

122 
Irreducible  data,  9,  15,  121 
analysis  diagram,  122 
field,  in  investment  problem,  42 
investment,  9,  15,  121 
weights,  8 

20 


Judgment,  financial,  field  of,  43 
Justifiable  present  exoenditure,  25, 
31 


K 


Keys,  number,  letter,  color,  in  cost 

keeping,  157 
Kimball,    219    {See   also    Bradford, 

Kimball  &  Co.). 


L  =  life  of  structure,  in  years 
Labor,  cost,  62 

analysis  diagram,  62,  63,  64,  69, 
151 

item  of  first  cost,  45 

records,   daily,  weekly,   154,   155 
Labor,  payment  plans,  63 
Law,  compound  interest,  graphs  of, 

27 
Lawyer,  and  legal  problem,  86 
Ledger,  145 

balance,  146 

data  sources,  146 
Legal     problem,     and     lawyer,     86 
Lending  to,  corporation,  123 

partnership,  123 

sole  proprietor,  123 
Letters,  key,  in  cost  keeping,   157 
Liabilities,  130 

assets,  ratio,  158 

current,  131 

fixed,  131 

value  certain,  133 
Liability,  partner,  92 

private  corporation,  98 

sole  proprietor,  89 

stockholders,  98 
Life,  annuity,  35 

series  of  payments,  31 

sinking  fund,  34 

structure,  forecast  of,  162 
original,  37 
renewal,  37 
table  of  values,  259 
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Limit  of  error,  in  compound  esti- 
mates, 199 
formulas  for,  200 
Limited  partnership,  92 
Liquid  assets,  133 
Liquidate,  131 


M 


Management,    individual    business, 
90 
private  corporation,  99 
public  corporation,  112 
Manager,  and  business  statistics,  129 

private  corporation,  101 
Man-hours,  62 

per  unit  of  achievement,  79 
conditions  and,  79 
from  mental  moving  picture,  80 
Manufactured  parts,  first  cost  item, 

46 
Massive  structure,  174 
Material  things,  first  cost  item,  46 
Materials  cost,  analysis  diagram,  60 
item  of  first  cost,  46 
record,  in  cost  keeping,  157 
Matheson,    depreciation    formulas, 

182 
Member,  private  corporation,  97 
Methods,  estimating,  68,  71 
graphical,  forecasting  population, 
167,  168 
Miscellaneous  forecasts,  162 
Money,  time  value  of,  20 
Monopoly,  108 


N 


Net,  assets,  130 

analysis  diagram,  132 
Net  income,  analysis  diagram,  136, 
138 

balance  sheets  and,  135 

private  corporation,  98 
Nominal  rate,  interest,  24  {See  also 

Rate,  Interest). 
Notes,  as  investment,  124 

promissory,  124 

private  corporation,  103 


Numbers,  key,  in  cost  keeping,  157 


Officers,    private    corporation,    100 
Operating  ratio,  159 
Operation  cost,  equivalent  uniform 
annual,  39 

formulas,  facing  298 
Operation,  preliminary  analysis,  54 
Opinion,  reasoned  from  premises,  in 

report,  214 
Opportunity,    investment,    1,    5,    6 
{See  also  Problem,  Investment). 
Oral  report,  209 
Organization,  chart,  102 

private  corporation,  94 

public  corporation,  112 
Original  cost,  37 

fair  price  factor,  176 
Output,  forecast,  162 
Overhead,  57 

Owner,  and  business  statistics,  129 
Ownership,  private  corporation,  97 


p  =  i/s  =  s-"^  =  present  worth  of  1 
due  1  yr.  hence,  25 

=  discount  factor,  25 

table  of  values,  241 
Partnership,  91 

articles  of  agreement,  91 

control,  92 

dissolution,  91 

investment,  123 

lending  to,  123 

liability,  92 

limited,  92 

promotion,  119 

risk,  93 
Par  value,  97 
Passed  dividends,  100 
Payments,  comparison,  34 

series,  30  {See  also  Uniform  series 
of  payments). 
Period,  interest,  21 

service,  forecasting,  163 
Person,  artificial,  94 
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Piece-work,  62 

Plans  and  specification,  61,  64 
Plant  cost,  per  unit  of  product,  64 
Political  events  affect  investment, 

126 
Population,  demand  and,  109 

estimating    methods.    Bureau    of 
Census,  167 
graphic,  167,  168 
law  of  growth,  166 
Power,  eminent  domain,  112 

tax  levying,  112 
Powers,  private  corporation,  94 

public  corporation,  112 
Preferred  stock,  105 
holder,  control,  124 
risk,  124 
Preliminary  analysis,  first  cost,  44 
Premises,  reasoning  from,  to  opin- 
ion, in  report,  214 
Preparation    of    report,    procedure. 

216 
Present  justifiable  expenditure,  25, 
31 
worth,     compound     interest,     25 

table  of  values,  241 
series,  31,  32 

table  of  values,  245 
President,  private  corporation,   100 
Price,  fair,  171  {See  also  Fair  price). 
Prices,  ascertained  how,  78,  169,  170 
periodicals    which    publish    cur- 
rent, 274 
Principal,  20 
annuity,  35 
Principles,  general,  report  writing, 

210 
Private  corporation,  2,  94 
articles  of  incorporation,  95 
auditor,  102 
bonds,  103 
by-laws,  96 

specimen,  222 
capital,  ways  of  raising,  102 

stock,  97 
certificate  of  incorporation,  95 
characteristics,  94 
charter,  96 
chief  engineer,  102 


Private  corporation,  control,  99,  112 

creation,  94 

dissolution,  98 

financing,  102 

general,  counsel,  102 
manager,  101 

income,  97 

incorporation  procedure,  95 

incorporators,  95 

lending  to,  123 

liability,  98 

management,  99,  112 

net  income,  98 

notes,  103 

officers,  100 

organization,  94 
chart,  102 

ownership,  97 

powers,  94 

president,  100 

promotion,  116 

risk,  106 

secretary,  102 

stock,  capital,  97 

treasurer,  102 

vice-president,  101 
Probable  error,  201,  202 
Problem,  investment,  6 

analysis  diagram,  19,  41,  121,  122 

general  case,  two  solutions,  9,  12 

review  and  preview,  41 

special  cases,  16-18 

summary,  40 
Problem,  legal,  and  lawyer,  86 

statement,  in  report,  213 
Procedure,  estimating,  66 

abbreviated,  71-75 

detail,  typical,  68 
Procedure,  incorporation,  95 

report  writing,  216 
Process,    problem   solving,    descrip- 
tion in  report,  214 
Product,  unit  cost,  63,  64,  151 
Production  and  construction,  59 
Profit,  equivalent  uniform  annual, 

formulas,  facing  298 
Promissory  notes,  103 

investment,  124 
Promoter,  116 
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Promotion,  115 

individual  business,  119 

partnership,  119 

private  corporation,  116 

public  corporation,  119 
Proprietor,  sole,  2,  89  {See  also  Sole 

proprietor). 
Pro-rating,  57,  58 

bases,  57 
Public,  corporation,  2,  110 

acquires  property  of  public  service 
corporation,  110 

business  unit,  2,  110 

capital,  ways  of  raising,  113 

charter.  111 

district,  112 

engineer  and,  114 

financing,  113 

lending  to,  123 

organization,  112 

powers,  112 

promotion,  119 

purpose,  112 
Public   benefit,   engineering   knowl- 
edge and,  3,  4 
Public  service  corporation,  108 

distinguished  from  other  private 
corporations,  108 

lending  to,  123 

monopoly,  108 

property  acquired  by  municipal- 
ity, 110 

regulation,  109 
Public  works,  114 


Q 


Qualities,  investment,  122 

conditions  affecting,  122 

table  of  comparison,  10 
Quantities,  taking  off,  61 
Quasi-public  corporation,  108 
Questions  and  problems  for  assign- 
ment, 278-297 

R 

Rate,  interest,  21 

amortization  fund,  165 


Rate,  interest,  annual,  23 

depreciation  fund,  165 

effective,  24 

forecasting,  164 

nominal,  21,  24 

risk,  164 

sinking  funds,  165 

turnover,  159 
Rates,    valuation    for    fixing,     179 

wage,  78,  170,  274,  275 
Ratio,     assets    to     liabilities,     158 

operating,  159 
Real  estate,  item  of  first  cost,  46 
Reasonable  regulation,  109 
Reasoning,  premises  to  opinion,  in 

report,  214 
Records,  cost,  labor,  154,  155 

materials,  157 
Records,  interlocking,  157 
Redemption  fund,  35 
Reducible  data,  9,  15 
Registered  bond,  104 
Regulation,  109 

investment  and,  126 

reasonable,  109 
Relations,  investor  to  business  unit, 

122 
Relative  error,  199 
Renewal,  37 

cost,  37 

fund,  35 

life,  37 
Rent,  first  cost  item,  47 
Replacement,  37 

cost,  37 

fund,  35 

life,  37 
Report,  abstract,  215 

answer  to  question,  207 

appendices,  215 

arrangement,  211 

axiom  for  writing,  208 

card,  daily,  154 

client  and,  210 

connectives,  212 

contents,  211 

data,  classes  of,  213 

digest,  215 

engineering,  207 
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Report,  genuineness,  evidence,  216 

opinion,  214 

oral,  209 

problem  statement,  213 

procedure  for  preparing,  216 

process  of  solution,  214 

quality  test,  218 

results,  214 

specifications,  213 

statement  forms,  214 

summary,  214,  217 

tabular  forms,  214 

test  of  qualit}^,  218 

transition,  part  to  part,  212 

writing,  axiom,  208 
general  principles,  210 
procedure,  216 
specifications,  213 
Reproduction  new,  cost,  fair  price 

factor,  176,  178 
Reputation,  credit  basis,  139 
Result,  stated  in  report,  214 
Rights,  first  cost  item,  47 
Risk,  bonds,  124 

individual  business,  91 

interest  rate  and,  164 

partnership,  93 

preferred  stock,  124 

private  corporation,  106 

stockholder,  124 
Rule,  working,  for  estimating,   77, 
202 

'     S 

s  =  compound  amount  of  1  for  1  yr., 
24 

=  accumulation  factor 

table  of  values,  239 
Salvage  value,  analysis  diagram,  172 

conditions  and,  172 

defined,  171 

formulas,  180 

original,  37 

renewal,  37 
Schedule,  time,  26 
Scrap  values,  172 

Secretary,  private  corporation,  102 
Securities,  valuation  basis  of  issue, 
179 


Series,  accumulating  factor,  32 

table  of  values,  243 
Series,  acts,  precede  service,  3 
amount,  30,  32  (See  also  Uniform 

series  of  payments), 
discounting  facting,  32 
table  of  values,  245 
payments,  30   (See  also  Uniform 

series  of  payments), 
present  worth,   31,   32    (See  also 
Present  worth  of  series). 
Service,   annual  cost,   analysis  dia- 
gram, 19,  41 
average,  13,  17 

equivalent  uniform,  formulas,  fac- 
ing 298 
Service,     period,     forecasting,     163 
prerequisites,  3 
rendering,  field,  1 
resultant,  series  of  acts,  3 
Services,  example,  1 
Share,  stock,  97 

Sheet,  balance,  129  (See  also  Balance 
sheet), 
estimate,  70 

income,    136    (See    also    Income 
sheet). 
Simple,  estimate,  199 

interest,  table  of  formulas,   228, 
229 
table  of  values,  360-day  year, 
256 
365-day  year,  252 
Sinking  fund,  34  (Same  as  Amortiza- 
tion  fund.    Depreciation  fund, 
etc.). 
amount,  table  of  values,  243 
annuity  and,  35 
deposit,  34 

table  of  values,  247 
depreciation  formula,  181 
formulas,  231-237 
interest  rate,  165 
life,  34 

tables  of  formulas,  see  list,  228 
values,  see  list,  228 
Social  changes  and  investment,  127 
Sole  proprietor,  2,  89 
lending  to,  123 
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Sole  proprietor,  liability,  89 

setting  up,  123 
Special  structure,  174 
Specifications,  for  report,  213 

plans  and,  60,  64 
Specimen,  articles  of  incorporation, 
219 

by-laws,  222 

certificate  of  incorporation,  221 
Speculation  and  investment,  125 
Standard,  of  comparison,  160 

structure,  174 
Statement,  financial,  129 

form,  reports,  214 

problem,  reports,  213 

supplementary,  139 

tabular  form,  report,  214 
Statistics,    business,    129    {See   also 

Business  statistics). 
Status,     financial,     129     {See    also 

Financial  condition). 
Stock,  capital,  97 

certificate,  97 

common,  103,  105,  123,  124 

new  issue,  106 

preferred,  105,  124 

share,  97 
Stocks    and    bonds,    market    value, 

fair  price  factor,  176,  178 
Stockholder,  97 

control,  99,  124 

liability,  98 

risk,  106,  124 
Straight-line  depreciation  formulas, 

180 
Structure,  articulate,  174 

cost,  analysis  diagram,  69,  72 

defined,  2 

engineering,  2 

life,  forecasting,  162 
table  of  values,  259 

massive,  174 

original,  37 

special,  174 

standard,  174 
Summary,    analysis   of   investment 
problem,  40 

form,  weekly  labor,  155 

in.  report,  214 


Summary,  report  writing,  217 
Superintendent,  101 
Supplementary  statements,  139 
Supplies,  first  cost  item,  46 
System,  cost  keeping,  153 
taking  off  quantities,  70 


Table,  calculation  of  yield,   13,   17 

comparative,    investment    quali- 
ties, 10,  15,  16,  17 

per  cent  ratios,  parts  to  whole,  73 
Tables,  formulas,  see  list,  228 

values,  see  list,  228 
Tabular  statement,  report,  214 
Taking  off  quantities,  61 

system,  70 
Tariff  and  investment,  126 
Taxation,  valuation  basis,  179 
Taxes,  first  cost  item,  47 

income,  126 

inheritance,  126 

investment  and,  126 

operation  cost  item,  55 

power  of  levying,  112 
Test,  quality,  report,  218 
Time,  compound  interest,  26 

schedule,  26 

value  of  money,  20 
Trading  on  the  equity,  86 

incentive,  89 

risk,  89 
Transaction    affects    two    or    more 

accounts,  142 
Transition,  part  to  part,  report,  212 
Transportation,  first  cost  item,  47 

operation  cost  item,  55 
Treasurer,  private  corporation,  102 
Trend  of  conditions,  investment  and, 

126 
Turnover,  rate,  159 
Types,  business  unit,  2,  123 

investment  opportunity,  125 

U 

Uniform  series  of  payments,  30 
accumulating  factor,  32 
table  of  values,  243 
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Uniform  series  of  payments,  amount, 

30,  32 
amount,  table  of  values,  243 
backward-spreading  factor,  33 

table  of  values,  247 
discounting  factor,  32 

table  of  values,  245 
forward-spreading  factor,  33 

table  of  values,  249 
life,  30-34 
present  worth,  31,  32 

table  of  values,  245 
tables  of,  formulas,  see  list,  228 

values,  see  list,  228 
Unit,  achievement,  62 

business,  2,  86  {See  also  Business 

units), 
comparison,  161 
cost,  depreciation  formula,  185 

product,  analysis  diagram,  64, 
151 
material,  61 


Valuation,  171,  180 

basis,  securities  issue,  179 

engineer  and,  179 

rate  fixing,  179 

taxation,  179 
Value,  assets,  uncertain,  133 

capitalized,  25,  31,  34 

commercial,  fair  price  factor,  176, 
178 

equation  of,  29 

liabilities,  133 

par,  97 

salvage,    171    (See   also    Salvage 
value). 

scrap,  172 

time,  of  money,  20 

wearing,  172 


Values,  tables  of,  see  list,  228 
Vice-president,  corporation,  101 
Visualization,  estimating  and,  66 
Voting,  cumulative,  99 


W 


Wn  =  present  worth  of  1  per  year- 
end  for  n  yr. 

=  series-discounting  factor,  32 

table  of  values,  245 
Waddell,  J.  A.  L.,  Dr.,  83 
Wage  rates,  ascertained  how,  78,  170 

periodicals  which  publish  current, 
274 
Waste,  61 
Wearing  value,  172 
Weekly  labor  summary  for,  155 
Weights,  irreducible  data,  8 
Wellington,  A.  M.,  14,  107 
Working,  capital,  interest,  55 

rule,  estimating,  77,  202 
Worth,  present,  25  (See  also  Present 

worth). 
Written  report,  210 


Yield,  annuity,  35 

table  of  values,  249 
Yield,  calculation,  13,  17 

equivalent  uniform   annual,   for- 
mulas, facing  298 


Zn  —  amount  of  1  per  year-end  for  n 
yr. 
=  series-accumulating  factor,  32 
table  of  values,  243 


